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"Why should we look one common faith to find, 
Where one in every score is color-blind? 
If here on earth they know not red from green, 
Will they see better into things unseen?'' 

Db. O. W. Holmes : Jndover Poem, June, 1878. 
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PREFACE. 



I Bi.T£ dedicated this volume to my friend Professor 
Holmgren, because I consider that to him above all 
others do we owe the presoot and future control of 
color-blindness on laud and sea, by which life and 
property are safer, and the rieka of travelling less. 

To his Majesty the King of Sweden are due the 
thanks of all for bis personal interest in the investiga- 
tion of color-blindness, and hia practical good sense in 
immediat«Iy putting into execution tbe plans and pro- 
posals of Professor Holmgren, by which the subject 
was 80 prominently brought forward as to command the 
attention and example of other nations. It is ear- 
nestly boped that this country will follow rapid suit. 

Profeaaor Holmgren's book on "Color-Blindness and 
its Relations to Railroads and the Slarine " was pub- 
lished in Swedish, in 1877, at Upsala. Immediately- 
after this a French translation was printed, which soon 
called very general attention to his labors and their 
results. An authorized ti'auslation into German ap- 
peared last year (1878). I had agreed with him to 
translate the work into English, when an abridged trans- 
lation appeared from the Reports of the Smithsonian 



Institute at Washington. This, of course, prevented 

any publisher from being vrilling to risk n complete 
translation. The very necessary exjjlanatory colored 
plate was not given in the Smithsonian translation. I 
understand that it will be in an extra edition. This 
English translation is so abridged as to greatly inter- 
fere with its value and its practical use. 

Had, however, I been enabled to reproduce Professor 
Holmgren's book entire, I am afraid it would not have 
accompliehctl its purpose so well in this country as in 
Europe, from the genera! lower tone of scientific knowl- 
edge on the part of those for whom it was especially 
written, and also the lack of just the persons — namely, 
the railroad-surgeons — who could make immediate ap- 
plication of the metJiod for detecting color-blindness, 
and have convinced the authorities of its necessity. 
Aside, also, from the difflcultics of pubHcation, I found 
that a simple translation was not likely to be so gener- 
ally read. 

To bring before the community the dangers and the 
prevalence of color-blindness, I thought it best to 
prosecute my researches amongst the places of learn- 
ing and teaching. Hence I chose our immediate uni- 
versities, colleges, and public schools. Thus, whilst I 
was pursuing my owu individual studies of color-blind- 
ness, I was at the same time gathering the necessary sta- 
tistics in proof of the position I took, and disseminating 
a knowledge of the whole subject, very especially the 
important one of its frequency. It is rather curious 
that this volume is only the third monograph in book- 
form on this subject. Professor Wilson of Edinburgh 
published in 1855 a small book, being a collection of 
his several articles on this subject. Yet the literature 
of normal and abnormal chromatic power is pretty ei- 
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tensive, as may be seen by the bibliography appended 
to this volume. I first publicly discussed the subject 
before the Boston Society of Natural History, March 
7, 1877. An article of iniue on the "Dangers IVom 
CoIor-BIindness in Railroad Employes and Pilots " was 
printed in the Ninth Annual Kcport of the Massa- 
chusetts State Board of Health, 1878. April 8, 1878, 
I gave a lecture on color-blindness before the Society 
of Arts of the Institute of Technology in Boston, 
Feb. 23, 1878, 1 read a paper on the " Incurability of 
Congenital Colo r-Bhndne SB " before the Suffolk District 
Medical Society in Boston, published in " The Boston 
Medical and Surgical Journal" March 28, 1878. May 
25, 1878, 1 read a paper on the " Relative Frequency of 
Color-Blindness in Males and Females " at the Suffolk 
District Medical Society, and also at the July meeting 
at Newport of the American Ophthalmological Society ; 
published, July 26, in " The Boston Medical and Surgi- 
cal Journal." The substance of these papers is in- 
cluded in this volume. I have quoted largely from 
Professor Wilson's book, not only because it is quite 
out of print, but also because the cases he relates are 
interesting as being in England, and liis deductions arc 
truthful and valuable, although much of the theory 
presented is now old to science. I have given a good 
part of Professor Holmgren's book, including what is 
essential to be known and understood by our railroad 
authorities and the speciaUsts they must employ in 
canning out any system of thorough examinations. 
The explanations and directions may seem to many 
unnecessarily minute, and the description too extended ; 
but these are especially intended for examiners, who, 
I think, when using this test, will thank me for putting 
them within their easy reach. 



The importance of this whole question of color-blind- 
ness I need not insist on here. "The Railroad Ga- 
zette " of Jan. 2i, 1879, after discuBaing the 740 acci- 
dents by which 204 people were kiUed and 756 injured, 
says, "What most needs doing now is the improve- 
ment of the men who work the roads, — officers and 
employfis, — though there ia still plenty of room for 
progress in the tools with which they work." 

I have not in this volume entered into the loss of 
time and money from color-bUudness in the great indus- 
tries where a perfect chromatic sense ia needed ; or the 
mortiflcations, &c., arising from constant mistakes of 
dress &c., in e very-day life, — as all these bear no rela- 
tion to the importance of the danger to life and prop- 
ei-ty on land and sea from this curious visual defect. 
The railroads of England pay two million doDars a 
year for killed and injured travcUers. 

I must explain some expressions in my text. I 
always nse the term color-blindness, instead of Dalton- 
ism, as more truthfully representing the defect in gen- 
eral, as Dalton was red-bhnd ; and also in order not to 
continue to attach this defect to his name. This has 
become pretty universal, except with the French, who, 
having no one word for color-blindness, still say Dai- 
toniame for brevity's sake. My speaking of a color- 
blind I would apologize for by saving, were I to have 
added " person " each time, my readers would, I think, 
have preferred the present bad grammar. 

I am quite aware, that, instead of presenting the ma- 
terial of this volume in its present shape, I could have 
given a condensed essay on color-blindness more easily 
read ; but such a book would not meet the wants of the 
immediat« future. The question of color-blindness ifl 
soon coming up in a verj' practical form in this coun- 
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try. Those who have to deal with it will properly aafc 
for the original material which they may themselves 
Btady, and which I have here collected. Such material, 
as my bibhography shows, is widely scattered and in 
foreign languages ; whilst other I here present has never 
been pnblished. For this reason 1 risk the natural crit- 
icism my work will call forth, rather than fail to give 
Ml opportunity for those who from their position must 
hereafter have my gathered material within their reach. 
Ab thia volume is intended to meet the wants of sev- 
eral quite different classes in the commnnity, its con- 
tents are somewhat varied. Many of the chapters may 
be read by themselves, by those who are only interested 
in the subject from the point of view touched on in that 
special chapter. General readers will find the hiatori- 
cal cases, and the curious mistakes caused by this 
chromatic defect, of most interest to them perhaps. 
Phyaiciana wiU be interested in facts relating to color- 
blindness from disease, its heredity, and the supposed 
peeuliaritieB heretofore connected with it, as also its in- 
curability. Scientists and physiologists will naturally 
turn to the accounts of the precise condition of color- 
blindnesa and its relation to normal color-aenae, as well 
as the additional methods of detection. The color-blind 
cannot but be interested in the palliatives of congenital 
color-blindness, since we can now do more for them than 
formerly. The dangers on land and sea concern us all. 
Bailroad authorities will find fuU explanation of the 
precise condition of their color-blind employes. The 
possible change of railroad and marine signals will also 
concern them and the officers of the navy and mercan- 
tile marine. The possibility of detecting and eliminat- 
ing the color-blind is important to those whose position 
requires them to avoid employing such. The methods 



of BO doing interest the apeciaUsta empldj^ed for this 
purpose. Our national and state legislaturea and rail- 
road eommissioners will naturally turn to the account 
of the present provisional European laws in reference 
to the control of color-blind oe as on land and sea. 

I have hitherto avoided seeking for the color-blind, 
and discouraged those who I understood would apply 
to me ; because I desired to have my statistics as near 
as possible precisely represent the truth as to the prev- 
aleuce of this chromatic defect. My present numbers 
are so large aa to perfectly decide, for myself at least, 
this point. I therefore am now anxious to hear from 
the color-blind, by letter or otherwise, as each and 
every account is of value. The personal observations 
of any who have this defect would interest me, and be 
of service to aeienee. All names would of course be 
Btrictly conQdential. I am at present devoting special 
attention to the queation of heredity, and naturally very 
anxious to hear iVom any one on this point. In many 
color-bhnd families the facts must bo pretty well known 
as to the different members, and such I desire to have 
coMsa scientitB. My professional brethren may be able 
to assist mo in this, and I would hereby ask it of them. 
I well know that many color-blind persons, whilst 
shrinking from exhibiting their defect, would not hesi- 
tate to give an account of their case when assured 
their names would not be used. 

The dedication of this volume, and the free use I 
have made of his material, show how much I am in- 
debted to Professor Holmgren of Upsala, Sweden, with 
whom I liave been in constant communication. I have 
also to greatly tbank Professor Bonders of Utrecht for 
advice and auggostiona, as well as for the rules of the 
Holland railroads. I am indebted for information and 
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numerous pubUcations to the following gentlemen, 
whom I would hereby gratefully remember : Dr. Mag- 
nus of Breslau, Drs. Eulenberg and Hirsehberg of Ber- 
lin, Dr. Stilling of Cassel, Dr. Cohn of Breslau, Dr. 
Zehender of Rostock, Dr. Schiess of Basle, Dr. Warlo- 
mont of Brussels, Professor Delboeuf of Lille, Drs. 
Favre and Dor of Lyons, Dr. Nicati of Marseilles, Dr. 
Quaglino of Pavia, Dr. Daae of Kragero, Norway, and 
Dr. Hjort of Christiana, Norway, Dr. A. von Reuss 
of Vienna, Dr. Robertson of Edinburgh, and Mr. S. 
Wright Dunning of "The Raihmd Gazette" of New 
York. 

To the Boston School Board my thanks are specially 
due for permission to test the scholars of the public 
schools, in which work I am still engaged. 

To avoid cumbering this volume with references, I 
use an author's name, and the bibliography will enable 
the reader to turn to the original. There is, I believe, 
no excuse for a writer not giving his best work to the 
public; but I must add here, that the time for my 
eighteen thousand examinations for color-blindness, 
and the preparation of this volume, has been stolen 
from the busy hours of a professional life. 

B. Joy Jeffries, M.D. 

15 Chestnut Street, Beacon Hill, Boston. 




There are some points in reference to color-percep- 
tion which I must first explain to my unprofessional 
readers, to show what color-blindness ia not. Our 
point of best vision on the retina ia directly in the 
centre, and over but a smaU space here ; so that, to 
see an object distinctly, wc must carefully turn the eye, 
to keep the picture on this portion. In looking at a 
long word on a page, we unconsciously travel along it 
to catch all the letters. If we keep onr eye fixed on 
one point, and move a letter away th>m this point, its 
form is soon lost, and we fail to recognize it. In other ' 
words, if the image of the letter falls on the retina but 
a httle way from the centre, called " the yellow spot " 
from its color, it is confused. Form-perception dimin- 
ishes veiy rapidly &om the centre outwards in all diroc- 
tions. Now, this is also the ease in reference to color. 
Let one eye be closed, and the other fixed on a bright- 
red object, like a wafer, held before it. When moved 
gradually out from the central field of vision, the wafer 
will decrease in brightness, and finally ap^xfar black- 
Its /ostti we may still discern. This ia not color-blind- 
ness. A painter has added a bright little scarlet flower 
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down in one corner of his picture, and tnma to work In 
the centre, when suddenly the scarlet flower loses its 
color, because its image falls far away on the retina 
from the point of best color-perception. This same 
will be found in reference to the other primary colors 
in varying degrees. 

Another point: Whenever the retina is tired out 
with one color, it can only perceive the complementaiy 
one. If with one eye we gaze steadily for some sec- 
onds at a bright-green disk on a white ground, and then 
quickly look at another white surface, we shall see a 
red disk. Gazing fixedly at the setting sun when a 
deep red, and turning quickly to the east, we shall see 
a rising green sun. I hardly need say this also is not 
color-blindness. 

Again : the crystalline lens in the eye becomes, with 
age, harder, and of a yellowish color, — up to positive 
blackness. When opaque, it prevents, of conrse, the 
passage of light through the pupil : it is called cata- 
ract. This opaque lens we then remove from the eye, 
and replace it by a strong convex lens in the specta- 
cles. Whilst the lens has been turning yellow, all the 
■ person's light has been yellow ; so that, when the Icna 
is removed, the impression will bo that of the comple- 
mentary color, — bluish. Many old persons whom I 
have operated on for cataract, aller it was removed, 
and they were able to use their sight, complained tliat 
every thing was blue; that, for instance, their chil- 
dren's faces appeared blue : and they naturally often 
expressed considerable disappointment that life was to 
be to them wholly blniab. This is not true color-blind- 
ncBS, and soon wears off. Santoninc, or worm-seed, 
canses, when token, all objects to appear a bright yel- 
low, or soinotimoa its complementaiy color, violet. 
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The effect is not pennanent, and passes off in a few 
hours. 

Another physiological fact in relation to color-per- 
ception is very important, and seems to be generally 
quite unknown or neglected. Around the point of best 
vision in the centre of the retina is a zone where we 
perceive all of the three so-called base colors, — red, 
green, and violet. Outside of this there is another 
zone, in which we have a perception of only two; 
namely, green and violet ; and again, beyond this, on 
the retina, only blue or violet is perceived. We shall 
hereafter see how these zones resemble color-blindness. 
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KXPLANATION OF THE COLORED PLATE. 



Kefbated and inexcusable mistakes have been made in 
Europe in reference to this colored plate of Prof. Holmgren. 
It has been spoken of as if intended to be uaed to test for 
color-bliadncss, and has also been so used. But, as be ex- 
pressly states, ft is only intended to Ul-usfrate the characteristic 
mistakes of the color-blind, and the colors of the sample 
worsteds to be emplojred. 

L The Gbeeit Test, 

If the person examined takes any of the confusioimolors (1 
to 5) to put with the green, he proves liimBeif color-blind; or 
even if he seems to want to pnt them together. 

IL a. The FuBPLE Test. {This contains Bed and Violet.) 

The color-blind puts with it the colors 6 to 7, always a 
de^er color. 

If he puts only purple colors, he ia ineomptelely eolor-blind. 

If he takes blue or violet, like and 1, or both, either with 
or without purple, he is completely red-WfBd. 

If he takes green or gray, like 8 and 9, or one alone, wilh or 
without purple, he ia eomplelely greeit^lind. 

n. 6, Thb Ekd Test. {Not necessarj/ to be used.) 

Here the red-blind pats, with tbo rod, dork green and brown 
(10 and 11), which are much darker than the test. 

The greea-blind pats, with the red, lighter green and brovtn 
than the test. 

The Tiolet-blind matches, with tbo purple, rod, orange, and 
_ puiple. 



CoLOR-BLINDNESS: 

ITS DANGERS AND ITS DETECTION. 



CHAPTER I. 

HISTORICAL CASES OF COLOK-BLINDNESS. 

Theee seems no good reason to doubt that 
color-blindness has existed at all times in man. 
It is therefore certainly very curious that ita de- 
tection, and consequent mention in literature, is 
so Tery recent. A case of Dr. Tuberville's (1684) 
has been quoted and referred to as one of ooIoi> 
blindness. In a letter to the Royal Society, Lon- 
don, Aug. 4, 1684, he says, "A maid two and 
twenty years old came to me from Banbury, who 
could see very well, but no color beside black and 
white, fehe had such scintillations by night (with 
the appearances of bulla, bears, &c.) as terrified 
her very much. She could see to read sometimes 
iu the greatest darkness for almost a quarter of an 
hour." 

This is too indefinite to be admitted as a case 
of color-blindness recognized at that date. We 
probably shall hunt literature in vain for mention 
of color-blindness till nearly a hundred years later, 
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when we come (in 1777) to Mr. Huddart'a account 
of the shoemaker Harris of Maryport, in Cumber- 
land, Eng. This case is historic, and the descrip- 
tion perfect in its way, rendering it quite worthy 
of being given here in full. Huddart writea to 
Rev. J. Priestley, — 

" I have known Harris ten years, and had Ireqnent oppor- 
tunities of conversing with him. I had often heard from 
othera that he could discern the fonn and magnitude of all 
objects very distinctly, but could not distinguish colors. 
This report having excited my curiosity, I conversed with 
him frequently on the subject. The account he gave was 
this : that he had reason to believe other persons saw some- 
thing in objects which he could not see ; that their language 
aeemed to mark qualities with confidence and precision 
which he could only guess at with hesitation, and frequently 
with error. His first suspicion of this arose when be waa 
about four years old. Having by accident found in the 
street a child's stocking, he carried it to a neighboring bouse 
to inquire for the owner. He observed the people called it a 
red stocking, though he did not understand why they gave 
it that denomination, as he himself thought it completely 
described by being called a slocking. The circumstance, 
however, remained in his memory, and, together vrith sub- 
sequent ol)servations, led him to the knowledge oE his de- 
fect. As the idea of color is among the first that enters tha 
mind, it may perhaps seem extraordinary that be did not 
observe his want of it still earlier. This, however, may in 
some measure be accounted for from the circi mstanca of 
his family being Quakers, among whom a geneiol unifonn- 
ity of colors is known to prevail. He observed, also, that, 
when young, other children could discern cherries on a tree 
by some pretended difference of color, though he could only 
distinguish them from the leaves by their difference of size 
and shape. He observed, also, that, by means of this dif- 
ference of color, they could see the cherries at a greater dis- 
tance than he could, though he could see other objects at as 
great distance as they; that is, where the sight was not 
■Miated by the color. Larg« objects he could see as well aa 
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other persona ; and even the smaller ones, if Oiey were not 
enveloped in other things, as in the case of cherries among 
the leaves. I believe he could never do more than guess 
the name of nnj color; yet he could distinguish white from 
black, or black from any light or bright color. Dove or 
straw color he called white, and different colors he frequent- 
ly called by the same name ; yet he could discern a differ- 
encs between them when placed together. In general, colors 
of an equal degree of brightness, however they might other- 
wise differ, he frequently confounded together ; yet a striped 
ribbon be could distinguish from a plain one, but he could 
not tell what the colors were with any tolerable exactness. 
Dark colors in general he often mistook for black, but never 
imagined white to be a dark color, nor dark to be a white 
color. He was an intelligent man, and very desirous of 
understanding the nature of light and colors, for which end 
he had attended a course of lectures in natural philosophy. 
He had two brothers in the same circumstances as to sight, 
and two other brothers and sisters, who, aa well as their 
parents, had nothing of this defect. One brother is master 
of a trading-vessel. I met him, and asked him whether he 
had ever seen a rainbow. He replied, he had often, and 
could distinguish tlie different colors; meaning only that it 
was composed of different colors, for he could not tell what 
they were. A piece of ribbon he without difficulty pro- 
nounced striped, and not plain. The several stripes of white 
he uniformly so called. The four black stripes he was de- 
ceived in ; for three of them he thought brown, though they 
were exactly of the same shade with the other, which he 
properly called black. The light green he called yellow, 
but he was not very positive. He said, ' I think that is 
what you call yellow.' The middle stripe, which had a 
slight tinge of red, he called a sort of blue. But he was 
most of all deceived by the orange color: of this he spoke 
Tery confidently, saying, 'This is th&colorof grass: this is 
green.' I also showed him a great variety of ribbons, tbe 
color of which he sometimes named rightly, and sometimes 
as differently as possible from the true colors. These ex- 
periments were made in the daytime, and in a good light. 
I asked him whether he imagined it possible for all the 
TariooB colors be saw to be mere difference of light and 
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ihitde; whether he thought they uould be variouB degreea 
between white and black, and that all colora could be com- 
posed of tliese two mixtureB only. With some hesitation he 
replied, No : he did imagine there wad some other diSer- 



In 1779 Mr. J. Scott reported his own case in a 
letter to Ilev, Mr. Whisaon, Trinity College, and 
communicated by the Rev. Michael Lort- He 
says that a full rod and full green, palo blue and 
pink, deep red and blue gave him the tiame sensor 
tion ; but he readily distinguished yellow and 
deep blue. The claret color of a garment seemed 
to liim deep black. 

We must again seek in vaui in literature for 
cases of color-blindness till we come, in 1794, to the 
English chemist Dalton'a description of his own vis- 
ion. His report excited so much attention, that 
his name became attaclied to this chromatic defect, 
which, by general consent, is now among nearly 
all nations called color-blindness, not only from a 
desire not to connect so distinguished a man's 
name as Dalton with a physical defect, but as also 
being nearer the truth, since only tlie red-blind | 
are Dallonians. Dalton s case is as interesting 1 
an historical. He says, — 

" It has beca observed tlmt our ideas of colors, sound*, 
tnetcs, Sic., excited by the sumo object, may bo very differ^ 
eot iu themselves without our being aware of It, and that w« 
may nevertheless converse intelligibly conoerning eoch ob- 
jects as if we were certain the impressions made by them on 
our minds were exactly similnr. It will, however, scarcely 
be supposed that any two objects, which are every day before , 
us, should appear hardly distiiigoiehable to one person, and 
very different to another, without the circumstance immedi< 
aloly suggesting a difference iu their faculties of visioii ; yut i 
■uch is the fact, not only with regard to myself, but to man/ 
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others also. Not with standing the occasional study of 
botany, I was never convinced of a peculiarity in my Tision ■ 
till I accidentally observed the color of the flower Geranium 
zonule by candle-light in 1792. The flower was pink, but 
it appeared to me almost an exact sky-blue by day. In can- 
dle-light, however, it was astonishingly changed, not having 
then any blue in it, but being what I called red, — a color 
which forma a strifcing contrast to blue. Friends, when 
asked, all agreed that the color was not materially different 
from what it was by daylight, except my brother, who saw 
it in the same light as myself. Two years afterwards I 
commenced an investigation of the subject, assisted hy a 
friend. My obearvation began with the solar spectrum, or 
colored image of the sun, exhibited in a dark room by means 
of a glass prism. I fovmd that persons in general distinguish 
cdz kinds of color in the solar image ; namely, red, orange, 
yellow, greeo, blue, purple. To me it is quite otherwise : I 
see only two, or at most three, distinctions. These 1 should 
call yellow and hlae, or yellow, blue, and purple. My yeUow 
comprehends the reil, orange, yellow, and green of others ; and 
my blae and purple coincide with theirs. That part of the 
image which othere call red appears to me little more than 
a shade, oi defect of light ; after that, the orange, yellow, 
and green seem one color, which descends pretty uniformly 
from an intense to a rare yellow, making what 1 should call 
different sLadcs of yellow. The difference between the 
green part and the blue part is very striking to my eye : they 
Beem to be strongly contrasted. That between the blue and 
purple is much less so. The purple appears to be blue much 
darkened and condensed." 

The next cases reported in order o£ time are hy 
Dr. NichoU, 1816 and 1818. One was a boy 
eleven years old, who was color-blind, like Dalton. 
The other was a man aged forty-nine, who reported 
thus; — 

" The color I am moat at a loss with is green ; and, in 
attempting to distuiguish it from red, it is nearly guess- 
work. Scarlet in moat cases I can distinguish, but a dark 
bottle-green I could not, with any certainty, from brown. 
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Light yellow I know ; dftrk yellow I might confound with 
light brown, though in most cases, I think, T should know 
them from red. The difFereut shades of red and green, I 
know not to which they belong ; but, when they are before 
me, 1 see a difference in the shade. Though 1 see different 
shades in looking at a rainbow, I should say it was a mix- 
ture of yeOow and blue, — yellow in the centre, and b!ua 
towards the edges." 

These cases are about all which may be properly 
considered historic. I have referred to the origi- 
nal accounts, and quoted from them. It may be 
noticed that mention of what the several persons 
called colors — i.e., the names they gave them on 
presentation — has been generally omitted. The 
reason of this will be seen later. It need only 
here be remarked, that asking the examined to 
name colors is in reality no test of their color- 
perception ; and, where this alone has been done, 
their color-blindnes9 cannot be accepted as proved- 
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COLOB-BLIim MISTAKES. 

It will be interesting to note what mistakes 
their chromatic deficiency causea the color-blind 
to make, and therefore well worth our while to 
listen to their own report, as well as that of their 
examiners. Not only shall we find it curious and 
interesting, but from a long series of cases we may 
able to deduce, as has been done, some general 
laws and classiileation of this peculiar visual condi- 
tion. Commencing with the cases I have referred 
to as historical : Dalton said the color of a florid 
complexion seemed dull, opaque, blackish blue 
upon a white ground. Diluted black ink on white 
paper gives a color much resembling a florid com- 
plexion. It has no resemblance to the color of 
blood. Blood appeared not unlike that color called 
bottle-green. Grass appeared a very little differ- 
ent from red. The face of a laurel-leaf is a good 
match to a stick of red sealing-wax, and the back 
of the leaf answers to the lighter red of wafers. 
Green wooUea cloth — such as is used to cover 
tables — appeared a dull brownish-red color. A 
mixture of two parts mud and one red would come 
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near it. It resembled a red soil just turned up by 1 
tbe plough. "When this kind of cloth loses its 1 
color, as other people say, and turna yellow, then ' 
it appears to rae a pleasant green. Very light- 
green paper, silk, &c., is white to me." Blue was 
the same to him as to other people, both by day- 
light and candlo-ligbt. " Colors appear to me i 
much the same by moonlight as they do by can- | 
die-light. By Ughtning and the elective light they 
appear as by daylight. A light-drab woollen cloth 
seems to resemble a light green by day. My idea 
of brown I obtain from a piece of white paper 
heated almost to ignition. This color by daylight 
seems to have a great affinity to green. Browns 
seem to me very diversified : some I should call red. 
Dark-brown woollen cloth I should call black." 

A most amusing account was given by Babble 
of the incidents attending the presentation of Dal- 
ton at court : — 

" Firstly he was a Quaker, and would not wear the 
aword, which is an indispensable appendage of ordinary 
court-dress. Secondly, the robe of a doctor of civil lawB 
was known to he objectionable on account of its color, — 
scarlet, — one forbidden to Quakers. Luckily it waa recol- 
lected that DaltoD was afflicted with the peculiar colop 
blindness which bears his name, and that, as the cherries 
and the leaves of a cherrj-tree were to him of the same 
color, the scarlet gown would present to him no extraordi- 
nary appearance. So perfect, indeed, was the color-biind- 
ness, that this most modest and simple of men, after having j 
received the doctor's gown at Oxford, actually wore it for ] 
several days in happy unconaciouaneas of the efEect ho pro- , 
dwced on the street." — Scienllfic London, 1874, p. 88. 

Professor Whewell reports having asked DaltoQ , 
what the bright^carlet gown which he wore 
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resembled, and he poiated to some of the ever- 
greens outside of the window, and said, that to hia 
eye their colors were quite alike. On the other 
hand, the lining of the gown, which was pink silk, 
he could not distinguish from sky-biue. 

The first case recorded — Harris the shoemaker 
— noticed, when an infant, what the color-blind 
nearly always do, namely, the inability to distin- 
guish any red fruits from the surrounding green 
leaves. Recognition of their chromatic defect 
dates not infrequently from companions being able 
to pick strawberries, cherries, &c., more quickly. 
One of Dr. Colquhoun's patients says, — 

"I cannot perceive a bit of red sealing-wax if thrown 
down upon the grass, nor a piece of ecarlet cloth hung upon 
a hedge, which, I was told, was to be seen a mile off. I 
once gathered some lichen, as a great curioaitj, from the roof 
of a friend's fiahing-houae. I thought it waa of a bright 
scarlet, from its seeming to be of the same color as the tiles : 
in reality it was a bright green. On another occasion I per- 
ceived no difference in the complesiou of a foreign lady, 
who had purposely sukstitnted Prussian blue for her rouge." 

Dr. Nicholl saya of a boy, eleven years old, — 
"I placed a scarlet paper on the grass, and afterwards a 
green baize. He said that the grass and the baize were of the 
same color as the paper, but that they were a shade lighter. 
I made him put on a pair of green spectacles, which he 
called reef glasses. He said that everybody and every thing 
in the room had a reddish cast when seen through them. 
The border of the room had a blue leaf with a green edge : 
this he called a blue leaf with a red border. A woman 
passed by with a basket an her arm. He told his mother that 
the woman had fowls in it, for that he saw the red feathers 
hanging out : these proved to be green leaves with which eihe 
had covered her butter. He told me, ' What you call purple 
and pidk and blue are ao lUce each other, that I cannot well 
know one from the other.' He also called the gray eyes of 
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his sister a, bluish red. A blood-relative of this Isd was in 
the navy, and purchased a blue uniform coat and waistcoat, 
with red broeclies to maich the blue. I showed him a do!' 
ly which was red, having a leaf of the same color traced 
out □□ it, and I asked him the color of it. He, having been 
BO often mistaken a:.d laughed at, aaid, with an air of tri- 
ninph, ' Why the groundwork is red ; but the leaf is of couise 

Dr. NichoU's second case, a gentleman forty-nine 
years old, said, — 

" If railings were painted red, I eonld not distinguish 
them from the grass. The grass in full verdure appears to 
me what otlier people call red ; and the fruit on trees, when 
red, I cannot distinguish from the leaves, unless when I 
am near it. A cucumber and a boiled lobster I shoold oaJI 
the same color, making allowance for the variety of shade to 
be found in both ; and a leek in luxuriance of growth is to 
me more like a stick of sealiog-wax than any thing I can 
compare it with.'" 

Iq further illustration of the sort of mistakea 
the color-blind make, I here quote some of Pro- 
fessor Wilson's cases. A middle-aged gentleman 
says, — 

" As far as T can tell, the following eipresaea my experi- 
ence as to colors. Yellow is the brightest color ; blue, nearly 
as bright. These two are the only ones I see distinctly in 
the rainbow. Eed I can distinguish when bright; bat deli- 
cate shades I confound with stene-oolor or gray. Green I 
have no distinct conception of. According to its different 
shades, it appears black, brown, red, yellow, blue, and gray. 
I cannot distinguish at any distance the ripe cherries on a 
tree, or strawberries from their leaves. I have no coDcep- 
tion of what is meant by complementary colore, or of the 
^reement of different colors when blended together ; aa, fov 
instance, what kind of a carpet accords with red curtains in 
a room. With regard to my want of perception of green, it 
appears to mo that the blue aod the yellow rays neutralixfl 
each other, and, when in equal proportions, (institute what U 
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really co color, rarying all the way from a very light drab 
or gray to a dingy black. When the blue rays predominate, 
it appears a blue drab ; anS, when the yellow rays ore iu ex- 
cess, it appears a yellow drab. When the blue and yellow 
are properly bleoded, a lady's green silk dresa appears to me 
very similar, and no more glaring than a drab silk. The 
diy dirt of the sti'eet I could equally suppose t4] be green. 
I also confound red and brown frequently. I could not dis- 
tinguiah between treacle and blood spilt in a road by day- 
light." 

Another gentleman gives a very interesting illus- 
tration of the extent of bis color-blindness in ref- 
erence to red and green. \VTien acting as assistant 
to the engineer of the Granton Railway, he fre- 
quently returned in the evening from Granton to 
Edinburgh on one of the engines, without, how- 
ever, taking any part in managing it. On these 
occasions he observed, that, although his undivided 
attention was directed towards the signal lamps, 
the light of which was visible to him a long way 
off, he could not, till he was close upon them, dis- 
tinguish whether they were red or green. He feels 
certain that he could teU a blue light from a red 
light at a distance which would make green and 
red appear the same. 

Another gentleman was, like many other color- 
blind persons, a great lover of fine arts, and a 
skilfal draughtsman. He was led in consequence, 
early in life, to discover his inability to arrange 
his own palette, and was accustomed to rely upon 
a relative to select his colors, whilst he had no 
difficulty in graduating theii- shades. In the rain- 
bow he distinguishes blue, yellow, and orange. 
Green he never sees in it, and he is very uncertain 
as to red. In colored objects he has no difficulty 
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with blue or yellow ; but he stumbleB at red and 
green, and olive and brown-, fireen moss and red 
and green velvet make the same impression on his 
eye, so far an color is concerned. lie in foiled also 
by worsteds of tlioso colors, and on one occasion 
betrayed his peculiarity of vision by his inability 
to Bee the contrast between the scarlet benies and 
green leaves of the mountain-ash. On another 
occasion he was surprised to find, on returning 
home from a journey, that a letter which he had 
written home during Ills absence was one-half in 
black and the other in red ink. A red-brick 
house, which to others is a conspicuous object in 
the landscape, even at a great distance, is to him 
an inconspicuous one, and made out with great 
difBculty solely by its form. 

" Green and red I cntmot distinguiah from encb other. 
Bed cabbage growing, pickled, or in infusion, ate all Ute 
moat beautiful bine 1 can conceive; and it waa by not ob- 
serving any change by acids in tlie infusion of red cabbage, 
nben attending Frofessor Hope's cbemistry-class. where I 
Q8ed to stare for the whole hour expecting to see the change, 
that I first became fully convinced of ray great defect. 
Red, again, in the lips, cheeks, nose (red), gooseberries, in- 
flamniations, and the like, looks blue to mel (T never MW 
a red nose in m; life ; ) and yet, in recently taking up an oil- 
paint, to illustrate to another ray conception of the color of 
the lips, you will be astonished to hear that I took up » 
green (terre verte). On another occasion I was very macb 
annoyed at a little boy who could tell a blue line of wateiv 
color, drawn across my finger, from blood : I could see no 
difference. Strawberries, cherries, &c., I can recognize with- 
out the slightest difficulty; but I don't trouble myself about 
their color : I see only a difference as reganls what I call 
shade. Finks, lilacs, purples, and blues are all the same 
color, only diSfriiig in intensity, llrowna, russets, maroons, 
olives, citrines, and a host of others, are just any thing 1 
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CEtn guess at; bat I never get farther than red, brown, or 
green. The names of the other colors I don't think I ever 
uttered. Indeed, I never speak of colors, luilesa I cannot 
avoid it ; and the only practical miBtoko I ever made in re- 
gard to them was purchasing a purple neckcloth under the 
impression it was black. That was the onl; mistake, for a 
good reason: I never bought a colored piece of dress alone, 
wther before or since. A piece of railway red signal-glass, 
and another of green signal-glass, held up together, close to 
the eye in daylight, appeared to be shades of the same 

An engraver repoi'ts, — 

" Strange as it may appear, niy defective vision is, to a 
certain extent, a. useful and valuable quality. Thus : an en- 
graver has two negative colors to deal with; i.e., white and 
black. Now, when I look at a picture, I see it only in white 
and black, or light and shade; and any want of harmony 
in the coloring of a picture is immediately made manifest 
by a. corresponding discord in the arrangement of its light 
and shade, or, aa artists term it, the effect, I find at times 
many of my brother-engravers in doubt how to translate 
certain colors of pictures, which to me are matters of de- 
dded certainty and ease. Thus to ms it is valuable. From 
childhood I have been totally unable to retain certain colors 
in my mind, nor able to give their names when shown to 
me a second time. This defect applies more particularly to 
compound colors, such aa green, purple, orange, and brown 
(this color I can never define) ; also the difference between 
pink and pale blue, reds and yellows, blues and greens, reds 
and greens ; but the appreciation of the variona shadea of 
colors (or the weight of colors, aa I may term it) is exceed- 
ingly nice and critical. A few years ago I went to a dra- 
per's to buy some green baize, but unfortunately bought a 
Tery bright red, which was excesaively painful to my eyes 
by lamplight, but agreeable enough by daylight." 

An amateur artist, who also worked with cray- 
[ ons, found liis defect an advantage, and reports, — 

"I have myself a distinct perception of the whole speo- 
I tmm, vrith the exception of tho red and green, which seem 
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to be a very near repetition of the aame colors; the differ- 
eiioe between them hp'mg Ui my eye minrh more marked by 
some accidental Tarialioii of tone rather than of tinf, which 
to othera in frequently imperceptible. The flowers of a 
fuchaia, the berries of inountaio-a«h and holly, are scarcely 
dlstinguifihable to me, eioeptlng by their tone or form." 

He also adds, " 1 recollect the late Lord V. joking hii 
wife for wearing a fcarlel dress. She oMiircd him it waa 
bright ffrecn ; and, comparing notes with hira, I found that 
oar defect of vision was precisely the same, although he 
had been scarcely aware of it till that time. My brother, 
who has the same trouble, once picked up a rod-liot coal, 
asking what that fanny green thing was." 

Another case writeH as followB : — 



easily mistake a green for a 

, if tiie ■■ 



rod, or red for a green ; but, if uie distant percejition 
scarlet (or red of that nature) is a neotiasary qnalifloaUon 
for an engine-driver in the conduct at a tritin, 1 shall bo 
careful, 'come what coran may,' never to offer mysolf in 
that capacity to a railway company. At a distance of abont 
sixty yards il> would pu^le me to distinguish the color of a 
Soulier's coat, although the general outline of the figure 
would enable me to pronounce upon its being that of it 
soldier." 

An admiral in the British service writes, — 
" A younger brother of mine, long since dead, was fond 
of drawing -, yet once he painted a red tree in a landscape 
wltliout being aware he had done so. I myself, though fond 
of drawing, never attempted to color, as 1 should hare dona 
the same, unless the cake of color had been properly marked, 
I find that it is not that I do not see a distinction between 
two colors when jilaccd near each other, as in patterns or 
bales of cloth; but I should hardly dislinguish a red Jacket 
hung on a tree, unless quite fresh from the loom. A red- 
tiled bam I should not distinguisli in a landscape, but from 
knowing tiles are red. The shades of green, of brown, and 
of red, perplex me most. Ilright scarlet is unmistakable to 
me ; but I chose a pair of green trousers once, thinking 
thoy were brown. As tor s]gnal-lanl«ms, I should know 
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the difference between red and green if they were shown 
together; but I ahould be sorry if the safety of a traLa 
depended on my lookout, when one light alone was exhibited 
as danger or no danger." 

A j^ung physician anawera, "Having often observed a 
railway signal-Ught, seen from my window, I am convinced 
that its colors would be lost upon me ; nor dare I trust (o 
their flags. I never venture on the purchase of colored 
articles without a companion to appeal to.'' 

Professor N. says, "I suppose I can sometimes distin- 
guish red in some objects, but probably this is from knowing 
Uiat the; are usually of this color. At any rate, I am quite 
sure that I should make a dangerous railway-signal man, as 
I most certainly would not know a red flag from a green 

An architect reports having to release a pupQ- 
apprentice in consequence of finding liim copy a. 
brown house in bluish-green paint, the sky roae- 
color, and rosea blue. 

A tradesman reports his boy offering pink and 
pale-green paper as good matches, and getting his 
master into frequent trouble by binding books in 
wrong colors. 

A manufacturer reports that one of his weavers 
had to have the red and green threads selected by 
another, as he could not distinguish them. 

A carver and gilder, who was color-blind, had a 
son who painted a head with the face muddy 
green, which he conceived to be vermilion. A 
brother of this person, an artist by profession, 
knew no difference by gaslight between the vari- 
ously-colored bottles in a druggist's window, and 
could not distinguish the red from the green signal- 
lamp at a railway-station. 

Sis males — uncles, nephews, and cousins — in 
one family all belong to the Society of Friends; 
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and their mistakes in eelecting articlea of dress 
have been rendered especially conspionoTis by the 
preference which members of that religious body 
give to the least brilliaut and most imconspicaons 
colors. One of their nomber provided himself 
with a bottle-green co&t, intending to porchaee a 
brown one ; and seleeted for his wife, who desired 
a dark gown, a scarlet merino. Another, who is 
an npholsterer, purchased scarlet for drab, and 
had to rely upon his wife and daughters to select 
for him the fabrics needed in the course of his pro- 
fession. A third, who is a farmer, could not tell 
red apples from the surrounding green leaves, ex- 
cept by their shape. All of them confounded red 
with green, olive with brown, and pink with blue ; 
but they are very expert at matching shades of 
the same color. One of the younger men, whose 
profes^on requires him to deal much in colored 
tissues, has found that the " only way of telhng 
the difference between scarlet and green, or blue 
and crimson. Is to take them into a room lighted 
with gas or candles," when the distinction which 
was inviBible by daylight becomes apparent. 
Olives and browns, however, are as undi&tingnish- 
able by one light as by another. A minister, also 
in the Society of Friends, selected scarlet cloth sa 
the material for a new coat. 

Aa to females with color-blindness, Wilson saya 
of the Countess of D., — 

" Red, green, black, bronn, and lilac, sko does not ven- 
ture to name coufidoully, aad greens aud draba are the same 
color. Moontain-aeb or holly berries are andiatinguubable 
from their foliage. In sorting worsteds she can place na 
confidence in herself in cboosing, and all the lightest ehades 
of color are liable to be completely mixed np. ' The yellow 
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w (October) seen on (he trees appear to me exactly 
e a.3 those of their spring shades : indeed I cannot 
•■ the possibility of any one seeing them to be dif- 
ferent." The term 'yellow' here included all tlie autumn 
tints of the leaves; and therefore various shades of orange, 
red, russet, and brown must have seemed identical with tiie 
yeUow green and the bright green ot the spring leaves," 

A lady reporta, "I do not know how to express myself 
well regarding the loss I am at to distinguish colors, as I 
hardly understand how it k myself ; but 1 will try to do so as 
clearly as I can. There are many colors the shades ot which 
I confound : these are blue, lilae, pink, and pnrple ; and, if 
the various shades of these colors were put before me and 
mixed together, 1 should be qulto confused, and coiilil not 
tell to which each belongs, although 1 see they are different. 
In the same way I confound green, brown, and some of the 
shades of orange. In short, were 1 to tell the name of any 
color correctly, it would be merely guesswork. I can enjoy 
tlie beauties of nature, and the varied hues of the trees, &c. ; 
but that there is some defect in my vision I am quite aware. 
Of this, also, 1 am certain; I can do nothing (or as yet have 
not been able) to improve it.." 

When engaged with colored worsted-work, she 
always has the skeins marked. 

To this long list of foreign and American re- 
ports, I could, of course, now add as many more 
from my own experience with the color-blind, I 
will forbear giving but a few, merely to show that 
they all can be brought under the same general 
laws. 

Dr. Blank writes me, " Possibly you may have 
recollected that 1 am myself of the red-green 
group. In 1854-55 Wilson of Edinbm-gh added 
me to his list." 

Another physician writes me, " I read with in- 
terest your co)or-bHnd researches : for I am shock- 
ingly 80, often to my great chagrin and the morti- 
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iication of my wife and daughter, and, where I feel 
it most, in surgical practice, — color of throats, 
gangrene, ulcers, coppery-hued sorea, &c. ; bo that 
I have to draw out the statements of others for 
tay guidance." 

A gentleman tolls me, " Yellow and blue are my 
only distinct colors. Red is the most indistinct. 
I cannot see certain shades of red. I cannot dis- 
tinguish scarlet aalviaa a few rods away." 

A member of a well-known American color-blind 
family sends me word, " Red, brown, and green, 
of about the same depth or strength of color, ap- 
pear about alike to me. The red cherry and the 
leaf of the tree look substantially alike." 

A lady, whose father was color-blind, writes me 
of two of her children, boys (three girls being 
free of the defect), that " they do not observe 
when a flaming bush of Pyrus Japonica is in flower, 
unless near enough to discern the form of the 
flower. After having his attention directed to it, 
one of them said, ' Oh, yesl I see the flowers now; 
but they are not so bright as the leaves.' The 
leaves in their young state are of a very yellow 
green. Neither of the boys is near-siglitecl. I flrst 
noticed it in my older boy when he was five years 
old. We were in a field, and the girls were scream- 
ing with dellgiit over such columbines all around 
them. The little boy said, 'Where are they? I 
don't see any flowers,' After having one put in 
his hand, and observing the form, he, too, could 
find them. There are two colors my boys are 
quite unable to learn to distinguish. These are 
a light green and a yellow brown. I do not think 
tbey see any difFerence between them. I enclo&e 
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bits of the colors I mean. I omitted to mention 
that my boys always call crimson blue." 

The green worsted I found almost the same as 
the shade used in Holmgren's test, and the yellow- 
ish brown just the color the color-blind will select 
among the first, if not the very first, to match the 
green. 

A colleague at a distance, regarded by his wife 
as very deficient in color-perception, asked my 
opinion. I sent him my test-worsteds; and the 
matches he returned me were amusing, fully sub- 
stantiating the lady's opinion and diagnosis. 

A friend told me he painted a peargreen lion for 
his little boy. Another wore a green and a brown 
glove. A young architect pat a green roof on a 
church, and was indisposed to admit having made 
any mistake. Complaints to me from the color- 
blind, as to the colors of horse-cars by day and 
their lights by night, have been very frequent. 
A medical friend teUs me that on a yacht he must 
have a piece of red glasa marked red, and green 
marked green, to look at, to endeavor to impress 
on his eye the sensation, and compare it witli the 
red or green light of an approaching vessel. His 
matches of worsted were amusing, and showed 
complete red-blindness. I happened to meet him 
on the street ; and, on questioning him, I found he 
could see no color in a bright-red express-wagon, a 
brilliant new scarlet " soldier's messenger " cap, nor 
could ho distinguish a lad by his deep-red scarf. 
His brother was nearly the same. Yellow-stained 
glass in a door they recognized, but thought pale 
green was white, or " the color of sodarwater." 

As has been truly said, "Volumes might be 
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■written on this subject if the different instances 
of all the peculiarities presented by color-blindness, 
and all the embarrassment to which they give rise, 
were cited," 

The question of correctly distinguishing colors 
comes up in a practical form more often than we 
imagine in every-day life. Such articles aa the 
following, clipped from the newspapers of a day, 
attract naturally the attention only of those 
specially interested in or investigating color-per- 
ception : — 

"New Bedfoed, Aug. 30. — Masters of vessels arriTing 
at Vineyard Haren complain, that, siiice the red light at the 
East Chop has been removed to the new tower bnilt Cor it, 
it is s''arcely diatinguiBhable from the West Chop, or any 
other fixed white light. The captain of schooner ' Hanni' 
bal,' of Islesborough, Me., made it on Saturday evening, ap- 
proaching from the eastward, ia thick weather, and called it 
West-Chop light, and changed his course to run in Vineyard- 
Haven Harbor, and just escaped running ashore near Oak 
Bluffs by making the light at that place through the fog. 
Such accidents as the above can only occur, however, in 
thick weather, when but one of the two lights on the Chops 
of the harbor can be seen at the same time." 

" An English inventor, J, J. Nickoll, has lirougbt out a 
system of helm-signals. In describiug his invention to the 
Inventors' Institute, Mr. Nickoll says, ' Aa my signals move 
automatically «'ith the rudder, every material shifting of 
the helm to the port or starboard is at once shown at the 
head of the vessel by a red or green light, and before she 
answers her helm, thus giving tunely notice to an approach- 
ing ship what course she is about to steer. The signals act 
independently of the regulation mast-head lights.' " 

As if the present necessary marine-signals were 
not difficult enough to read quickly, a writer in 
"The Scientific American" proposes that there 
ehould be exliibited a red light for north, green for 
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Eouth, yellow for east, and white for west. When 
steering dno north a red light is to be shown ; 
when steering north-north-east one light under 
this; north-east two lights; east-north-east three 
lights, &c. ; and so on for the other points of the 
compass. Every change of course is to be imme- 
diately followed by a, change of these lanterns. 
Such a proposal but expresses the general lack 
of appreciation of the difficulties with all night- 



" The Eastern Railway Companj has recently placed 
upon the whole route of its line patent switches piunted 
red, with an index pointing across the track if all is not 
right. At night a green lantern signifies the track is clear, 
and a red one if not. The coinpany claims that by this 
simple arrangement accidents will not be of so frequent 
oociurrence as under the old system of signals." 

A postoffiee clerk in Prussia was found to be 
constantly in trouble with the stamps. The ac- 
counts would come wrong. Sometimes there was 
not enough money in return for stamps sold ; and 
on other occasions there was too much. This 
made dishonesty on his part less likely; but it 
was incomprehensible how he would make the 
accounts so entangled. At length it was dia- 
covered that he was color-blind, and could not 
distinguish red from green stamps (" Boston 
Medical and Surgical Journal," Dee. 27, 1877). 
No doubt letters in the United States find their 
way to the Dead-Letter Office as unpaid from the 
coloi^blind senders putting on red two-cent instead 
of green three-cent stamps, since we all, from habit, 
regard the color rather than the number on a 
postage-stamp, especially when in haste. 
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FOEMEE CLASSIFICATION OP THE COLOE-DLIND. 

By this loDg list of reports from the examiners 
or the examined, I have not only enabled my read' 
era to recognize what are the mistakes the color- 
blind make, but also, perhaps, assisted them in 
grouping into certain classes those with thia chro- 
matic defect. This, as will be seen, is of impor- 
tance ; but it was not done till 1837 by Professor 
Seebeck. Of course any one observer of this 
then aimply BcientiHc curiosity had hardly oppor- 
tunity of comparing any great number of cases 
together, and thereby deducing some laws con- 
cerning them, or sorting out the color-blind into 
classes according to their special form of trouble. 
Seebeck personally investigated a number for that 
time very large, — namely, twelve cases; and ha 
was the first to work philosophically, recognizing 
and insisting on the uselessnesH of asking the coloi> 
blind the color-names of objects. He proved the 
importance of letting them show their own com- 
parisons by having a number of colored objects 
mixed up together, and allowing them to select 
and group together those which seemed to them 
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of the Bame color. He had some three hundred 
pieces of variously colored paper, also variously 
colored piecea of glass. He recommends worsteds, 
but thinks silks would be too briniant. He did not 
use worsteds, but did employ tho spectrum and 
polarized light in addition to the test with the 
colored papers, &a. 

His deductions were, that there was a class of 
color-blind who seemed quite insensible to the spe- 
cific impression of all colors, — most so for red and 
naturally, also, its complementary green, in that 
they could distinguiah them but little, if any, from 
gray ; then for blue, which they did not well separ 
rate from gray. Their sensation of yellow seemed 
best developed, though this did not appear so differ- 
ent from colorless as to a normal eye. Such per- 
sons more or less confounded bright orange and 
pure yellow ; deep orange, bright yellovrish or 
brownish green, and yellowish brown ; pure bright 
green, grayish brown, and flesh-color ; rose-red, 
' green (rather bluish than yellowish), and gray ; 
carmine, dark green, and hair-brown ; bluish green 
and impure violet; lilac and bluish gray; sky- 
blue, grayish blue, and grayish lilac. 

Another class he found very similar to the first. 
They also recognize yellow best, and distinguish 
red better, blue rather leas from colorless, but 
especially confound red and blue. The colors 
they confound with each other are clear orange, 
greenish yellow, brownish yellow, and pure yel- 
low; bright orange, yellowish brown, and grass- 
green ; sealing-wax red, rusty brown, and dark olive 
green ; cinnabar-red and dark brown ; dark car- 
mine red and dark bluish green; flesh-red, gray 
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Ijrown. and blue green ; pale bluish green and 
gray (rather brownish) ; impure rose (rather yel- 
lowish) and pure gray; rose-red, lilae,. sky-blue, 
and gray (towards lilac); carmine and violet; 
dark violet and dark blue. 

Secbeck was the first, besides grouping the color- 
blind into classes, to show also that there were 
degrees of this trouble as varying as the visual 
power for form, which we now recognize aa indi- 
vidual. 

Again, from an analysis of our long list of re- 
ported difficulties with chromatic vision, we may 
880 how it was, from a study of all the then ac- 
cessible cases, Szokalski distinguiabed five classes 
of color-blind, — 

1. That of persons in whom the sense of colors iB 
almost completely wanting, and who, in place of 
the elementary colors, — yellow, red, and blue, — 
see only different degrees of white and black. 

2. That of persona who also distinguish yel- 
lows: external objects appear to them colored 
with shades which generate the different mixtures 
of yellow, of white, and of black. 

3. That of persons who, besides seeing yellow, 
have a common perception for both blue and red. 

4. That of persons destitute solely of the peiv 
ception of red, which appears to them ash-gray. 

5. That of individuals who distinguish all col- 
ors, but not in a decided manner : instead of being 
able to distinguish the mixture of two colors, they 
never see but one of them. 

Professor Purkinjo, again, from an analysis of 
cases observed and then recorded, divides color- 
bUndness into four varieties. The first two re- 
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late more to the intensity, the others to the na- 
ture, of the imperfection. 

Professor Elie Wartman, writing in 1840, says, — 

<'The various ancient and recent observations which I 
have to relate appear to me to confirm the division of See- 
beck, rather than that of Szokalski and Furkinje. It would 
be very advantageous to make a strict classification of the 
color-blind, because for each category means might be of- 
fered at once simple and few as palliatives of their imper- 
fections. Unhappily such an imdertaking does not seem 
possible, and we may say that there are as many varieties of 
color-blindness as of individuals who are affected with it. 
With regard to the very rational distinction which Seebeck 
has the merit of having first established between the errors 
of appreciation of intensity, and those of judgment of the tn- 
dividucU hind of colors, it is to be regretted that we cannot 
make it in the great majority of the descriptions which writ- 
ers have transmitted to us. I prefer only to separate th€ 
cases of dichromatic and polychromatic color-blindness ; that 
is to say, where there are more than two colors perceived 
normally.** 

I have thus briefly given the earlier attempts to 
classify the color-bKnd, that the difficulty of so 
doing may be recognized. We shall also thus be 
better able to appreciate the value of the applica- 
tion of the theory for this purpose described in 
the next chapter. 
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CHAPTER IV. 



PBEflBNT CLASBIFICATION OF THB OOLOB-BLtKD 
IN AOOOKDANCE WITH THE YOUNG-nKLMHOl/rZ ' 
THEOEY OF COLOB-PEBCEWION. 

A I'noPKK (liviHion, and a conHcquent correct 
underHtatKling, of color-MindneHS -man not made 
till UiiM lialf of our (ientury. ProfosHor Helm- i 
holtz brought forwnrd tlie long-forgotteii work of 
Tbomus Young, and «p}jlied liin theory of coloi^ 
p4!rcoption to tho ruHUltu of moru iiioduni mvesti- 
gatioHH, with thu final dovclopincnt of what Ifl now 
callfid the young-IIelmholtz theory of color-HcnM. 
Helmholtz saya, — 

" A reductloii of colors to tbree baae colon hu on); » ! 
■ubJiHitiva moaiiiiig : It ie but reducing or carryiog bAok tb» i 
Miimtiona of color to tliree hue or final seuaatlons. In tfab | 
view Tliomas Young correctly gras]>od ttan problem, and, In 
fact, hlfl th'iory givon u« a very Blmple and clear view and | 
explanation of all tho phenomena of Ibo pfayalulogy of color. 
Thotnan Young holds thnt, — 

" 1. Thnre ore In the eye tliree kinds of nerve-flbrei. ' 
Stimulation of tlie flrst produces tlio scuBatlou of red, ths 1 
Mcoud that of green, and of the third the soiisutloii of violet. I 

"S. Objective lioraogeneoua li([ht exciieH thew threa f 
kinds of fibres in varying degree acuordlug to th« wi 
lengths. The red perceptive fibre* will bo atron^t itlmi^ ' 
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lated by light of the greatest waTe-Iength, the green per- 
ceptive by light of inedinm wave-length, and the violet 
perceptive bj light of the sraalleBt wave-length. Here must 
not be excluded, but rather accepted in explanation of a 
aeries of phenomena, that each sjiectral color excites all 
three kinds of fibrea, — but one less, the others more strong- 
ly. Let us suppose, as in Fig. 1, the spectral colors in a 
horizontal row from red to violet ; then the three curves will 
represent the intensity of stimulation of the three kinds of 
fibres, — (1) the red perceptive; (2) the green perceptive; 
and (3) the violet perceptive elements or fibres. 




I 



" Simple red strongly Btimulates the red perceptive, less 
the other two ; sensation, red. 

" Simple yellow stimulates moderately the red and green 
perceptive, feehly the violet; sensation, yellow. 

" Simple green stimulates strongly the green perceptive, 
mnch less the other two : sensation, green. 

"Simple blue stimnlates moderately the green and violet 
perceptive fibres, feebly the red : sensation, hive. 

" Simple violet stimulates strongly the violet perceptive, 
feebly the other fibres ; sensation, violet. 

"Eqnally strong stimulation of all the fibres gives the 
sensation of white or whitish colors." 

This 13 not the place to diseuaa the Young- 
Helmholtz theory of coloivperception. It must be 
remembered that the facts in relation to color- 
blindness given in this volume are not collected 
in support of any theory, nor ia any theory argued 
for. The Young-Helmholtz is used rather as a 
means of better explaining this defect. It will 
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oHstHt our understanding its relations to color- J 
blindness to read Helmholtz's explanatory intro- 1 
duction of it : — 

"Perhaps there will be mucli objection to this hypothe- 
sie, from tiio number of the necessary nerve-fibres or nerro- 
tenniuations being tripled, in oomparisoii with the. common 
theory, where every indiviiliial nerve carries all possible 
color-stimulations. I do not think, however, that in this 
respect Young's theory is in opposition to anatomical facto, 
since we know nothing of the number of the transmitUng 
fibres; and then, besides, there are a number of roicroscopio 
elements present, whose special function we do not as yet 
know. Moreover, this is not the most essential in Young*! 
hypothesis. That seems to me to be rather the presenting 
color-sensations as composed of three wholly independent 
actions in the nerve-substance. It is not atisoluteiy neoeft* 
eary to suppose separate nerve-fibres for these separate sen- 
sations. The same value of Young's hypothesis in this ex- 
planation is shown, if we suppose that in each individual 
fibre three difierent and independent actions may take place. 
Since, however, the form of the hypothesis, as originally 
proposed by Young, is capable of more definite presenta- 
tion and expression than such a modification of it would 
allow, wu will, in view of its description, retain the original 
plainer form. Moreover, the physical phenomena of nerve- 
stimulation — namely, the electro-motor — are not marked in 
the sensitive or motor nerves by such a variation in action 
as would necessarily ba the case if each nerve-fibre trans- 
mitted all color-sensations. By Young's hypothesis we may 
also apply to the optic nerve the simple conceptions of the 
mechaniam of stimulation and conduction which we have de- 
rived from the study of the phenomena in the motor nerves. 
This we could not do if we must admit that each optio 
nerve-fibre is to have three qualitatively different conditiona 
of stimulation without mutual interference. Young's hy- 
pothesis is only a more special carrying-oat of the law of the 
specific energies of the Henses. As the sense of touch, and 
the sense of sight in the eye, have evidently separata ] 
nerve-fibres, so is the same claimed for the sensation of tiifl | 
several base colors. The choice of the three colon la st 
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what arbitrary. Any three colora could have been titkeu 
whose combination produced white light. So tax aa I sea 
at present, there ia no other means of detennining the base 
colore than the examination of the color-blind." 

For further description of the Young-Helmholtz 
theory of color-pereeptiou I would refer the 
Teader to Helmholtz's popular scientific lectures, 
I huve giveii above the essential points, as this 
"was necessary to enable us to readily follow out 
the application of the theory thus stated by Hebn- 
holtz to the condition of the color-blind. By 
Young's theory Helmholtz has shown how colors 
must appear to the color-hliud. This has been, 
however, so well extended and explained in Pro- 
fessor Holmgren's book, that I cannot do better 
than quote from it here. In deference to the 
Smithsonian Institute I will give their translation 
rather than my own. Professor Holmgren goes 
on to say, — 

These curves (Fig. 1) enable us to explain easily the 
colors of the spectrum b; the theory. We find in what pro- 
portion each one of the three fundamental perceptions en- 
ters into it by measuring tbo vertical distance from their 
place on the horizontal line (abscissa) to the corresjHiiiding 
points of each of the three curves. It ia then seen that 
there is no color of the spectrum into which but one primi- 
tive color enters exclusively. The two others also furnish 
their contingent. No one is therefore perfectly " saturated." 
They are more or less spread with white, and green ia the 
least sensibly " saturated," or more whitish. The curves 
&Ibo Bhow ns that yellow and blue are at the same time 
whitish colors, and the most intensely luminous in the whole 
spectram. When we again add tliat a color, " saturated " iu 
Inmost the same degree as the other spectral colors, pro- 
ceeds from the homogeneous combination of red and violet, 
that is to say, purple, and it« whitish shade, pink, — we 
lall have said all theoretically that we have to say ia 
ilatiob to the normal chromatic seuse. 
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"To explain tba abnotmal sense of oo\nn by the Uteor^l 
of tbu normal, we can, in ailvance, uuueeivu varioiM poMUV 
bilitieg. Lei lu suppose lliat one of tbo Itirce f uudamental I 
perceptions in wautini;, or that one ol tlie primitive oakn Ipl 
bbflent: it is clear that the whole ehromutiu lyBtem will b»l 
nplet. It is evident, tlierefore, that tiiia syatcm mujit bftl 
oompleloly different, according to the abtenou of imn or the i 
other uf liie three primitive oolors. It is virtually Just in 
UiiH way that it ha« tieen atlempt«<l to explain cMPn tit » 
strongly markcil defect in the cbromatic lu-nM, orgnnuine 
typiw of blindness to color, found in real life. Tho teim • 
atlor-blindneu bas boon Justified by Ihia, m it indicates teJ 
each COM a genuine blindness to one of the primary oolcnii I 
Iiv this way, therefore, we distinguish, according to the kindl 
of clement wanting, throe classes of blinduoBB,— 

" Ist, Ked-blindness. 

"2d, Grtien-blindneis. 

"ltd, Viokt-blindnum. 

" We shall see tliat thn Young-nRlmhi>lt« tlieory, far fronl 
bluing oontroilictfifl, oa lias bniin mumitly alnimod, by UmI 
phunumi^non of uo I or- blindness, flnds in it, ou the ODntraiy,r 
a BiipIMirt; and this theory most certainly fumishea the bn ' 
guide for attaining the practicitl i-ml in vi'iw for which v 
intt^nd to use it. l<et ns, in the first instanue, ciut n 
glannu over the di(Ti^r«nt kinds of typical and compfet 
blindness t<j colors n* thuir fi-aturi's am [>n!sent«d by til 
theory. This sketch will l>n singularly facilitated by thou 
of the snine kind of curves employed in illustraUag t' 
normal sense of colors. 

"1. According tothe theory, blindness to rW is due to U 
absence or paralysis of the organs [lercclving rod (Fig. S~ 
Red-blindneM has, th'-D, but two fundamental colon, whit 
adhering strictly U) the theory, are green and triolet (bttH 
according to Maxwell). 

" The curve* distinctly show what aspect tlie raf 
kinds of lights of the spuutnim must have ' 
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aliorl list of them, according to IltlmholtjE, by 6iuAg 
here tlw different kinds of lights, — by using terms b 
from the Impressions they produoeU on Ihu normal e 
sense, 'I'he compurisuu will not be without intcrctt; — 



ITS DANOEES AND ITS DETECTION- 



SI 



I 



"' Spectral red, which feebly eicites the perceptive organs 
green, and scarcely at all thoee of violet, must conso- 
qneutly appear to the red-Lliud a "mltiratfd " green of a /ee- 
Ue inlen^if, more " saturated " than nDrmal green, into which 
a Beuaible portion of the other primitive colora enters. 
Feebly Inminoua red, which affects the perceptive organs of 
a normal eye Bof&ciently, does not, on the other hand, 
.■offioiently excite the perceptive organs of green in the red- 
i)>]ind ; and it therefore seems to them black. Spectral yel- 

10 seems to them » green " mturated " and intensely luminaun ; 

id, as it constitutes the precisely saturated and very intense 
shade of that color, it can be understood how the red-bliud 
select the name of that color, and call all those tints that 
are, properly speaking, green, i/eltoia. Green shows, as uotn- 
pared with the preceding colors, a more sensible addition of 




P the other primitive colors: it then appears, consequently, 
a, more intense but whitish shade of the same color iis 
yellow and red. The greatest intensity of light in the spec- 
trum, according to Seebeck's observations, does not appear 
to the red-blind to be in the yellow region, as it docs to the 
I normal eye, bat rather in that of the blue green. In reality, 
■ jf the excitation of the perceptive organs of green, as it wag 
■Necessary to assume, is strongest for green, the maximum of 
I Mie total excitation of the red-blind must be found slightly 
toward the blae side, because the excitation of the organ 
perceiving violet is then increased. The white of the red- 
blind is naturally a combination of their two primitive colors 
in a determinate proportion, — a combination which appears 
blue gray to the normal sight: this is why he regards as 
gray the spectral transition colors from green to blue. 
Then the other color of the spectrum, which they call b!ve, 
I preponderates, because iudigo-blu.b, though somewhat whit- 
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iah accoTdiDg to their chromatic sense, is to them, cnting to 
iU intensity, a more evident representative of that color Uian 

"This description ot the manner in which the red-blind 
forma a conception of the difTerent kinds of light of tha 
spectrum is assuredly a conclusion logically dedaced from 
the theory ; but it accords so well, at the same time, with the 
experience acquired in examining the color-blind, that this 
might i>erfectly serve to support and corroborate tha Iheoty. 
We will simply add a point for our esx>ecially practical par- 
pose, or rather emphasize one point of this theory. In fao^ 
it is clear that a red and a green light especially excite one 
and tlie same element in the red-blind. A ray red and 
green, or on object red and green, to the normal sense, must 
seam fondamentally to the red-bliiid to be the same color; 
and if, in especial cases, be knows how to discriminate, his 
Judgment is simply gnided by the intensity of the light. 
The intensity of liglit is much more feeble (as shown by 
Fig, 2) in red than in green. If, then, a red-blind individn^ 
finds that a red and a green tint are exactly alike, it is neces- 
sary that the green be to the normal eye much less tntenH 
than the red. This is distinctly shown by the vertical dot- 
ted lines between It. and 0., and also between Y. and 0. 
in Fig. 2; and this is entirely confirmed by experieucOp 

"2. Green-bl'uulneM derives its origin, according to tJi* 
theory, from the absence or paralysis of the perceptive el^ 
mcnts of green. The green-blind has therefore but two 
fundamental colors) that is, — still closely adhering to th* 
theory, — red and violet (blue according to Maxwell), The 
spectrum for green-blindness should be, according to the 
theory, constructed in the following manner: — 

" The spectral red, which strongly excites the perceptive 
organs of red, and bat very faintly those of violet, most 
therefore appear to the green-blind as an extremely ' sato- 
rated ' red, but of a light somewhat less intense than tb*i 
normal red, which is comparatively more yellowisli, as green', 
forms a part of it. The spectral orange is again a very 
'saturated ' red, but much more luminous. Yullow is mv-' 
doubtcdly a more intensely luminous red than tha speotcBliI 
red, but, on tha other hand, more whitish, because a - - ' 
portion of the other primitive color enters into it. 
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" Green, with its shades inclining to yellow and bloe, 
ought, correctly speaking, to be a 'saturated' purple, and 
■with a mean intensity of light : but it is the white (gray) o£ 
the green-blind; for it is composed of almost equal parts 
of the two primitiva colore. 

" The blue ia an intense violet, but a little less ' saturated ' 
than indigo, which is more strongly luminous and more 
'saturated.' Violet is a little less intense, but more 'satu- 
rated ' than normal violet. The tints most lumiuous, and at 
the same time most ' saturated,' which moat constitute the 
types of the primitive colors of the green-blind, are orange 
(or itA immediate neighbor in the spectrum, red) and indigo- 
blne. Now, orange is a color which, in ordinary language, 
especially amongst the uncultivated and unpractised, ia in- 
discriminately caOed red and yellow : this fact oxpliiias why 
the green-blind denominate their first primary color some- 




I 



times 'red' and aometimes 'yellow.' We will add to this 
description the same remark made about red-blindness. In 
green-lilinilness the same organ ia also found afEected by 
spectral red and green light. Red and green are then per- 
ceived by the green-blind in the same way, or, in other 
words, are to him in fad exacllji the same color. In caaes 
where he succeeds in distingnishing them, it is by the aid of 
the intensify of the light; but, with regard to this intensity 
of light, it is the opposite of what oeeura in the case of the 
ted-blind. A green tint which to the green-blind must ap- 
pear eiactly like a red one, to a normal sense of color must 
be sensibly more luminous than red. Tliia is shown by the 
dotted vertical lines between R. and O., and also between 
T. and G. (Fig. 3), and is confirmed in every respect by 
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acoording to the theory, to the absence or paralysifl of the | 
elementa perceiving violnl. The two primitive colors of the I 
violet-bliml are thi:n, acoording to theory, red and (jreen. I 
The spectrum of the violot-blind must, in consequence, be | 
represented as follows : — 

" The red is a purer red color (not yellowish) than normal ^ 
red, but still less ' saturated.' The more it inclines toward 
orange, the more strongly luminous it is, but is at tba same 
time less 'saturated,' more whitish. The yeUmo is, as it 
were, a combination of almost equal proportions of tlie 
fundajueutal colors that form white. Green ia a stronglf 
luminous but whitish green, which, in tending toward tha 1 
blue, becomes more and more 'saturated; ' so that greeniah I 
blue must be the typo of these hues. The blue is a green of I 
moderate luminosity, and strongly ' saturated ; ' and vMet u I 
green very feebly luminous, bat also ' Batnrat«d ' in a modi I 




higher degree than the normal. A violet strongly luminoui 
IB sufficientto induce this green; but a feeble violet, aUhongh i 
very sensible to the normal eye, is black to the color-blind J 
in question. 

" It is plain that the Tiolet-blind, whose primitive colml 
are red and green, do not confuse these colors. This Uod 1 
of blindness, from the experiments made so far, must ht 1 
very rare. For our part we have not succeeded in disoorer- .J 
ing more than two cases agreeing quite exactly with the 1 
description given by the theory; while the first two kinds J 
are comparatively Tery common. In order to be abnormal 
ft is not necessary that a sense of color should complete^ 
fulftl the conditions indicated in the types we have jost 
described. We might perfectly ooncdve a resultant, not of 
an absolute absence or of a complete paralysis of one kind 
of perceptive elements, but solely of a comparatively very 
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excitability, or, if preferrod, of a much more limited 
number of oas Icind of elements, noting on the retina, aa 
ipared with the two other kinds. It is very easy to con- 
Btniot curves in conformity with this idea, and not less easy 
to arrange in thia manner a continuous series of transitions 
and gradual forma between one kind of complete color-bliad- 
one side and the normal chromatic sense on the 
other. This kind of defective vision might be called ineom- 
pUlt eolor-blinilnciis, to distinguish it from complete, as we 
have jn»t characterised the three different kinds. Our expe- 
rience has taught us that the intermediary forms agreeing 
vith the data given above are met in large nunibers in prac- 
tice, and of very different degrees. These are the forms we 
designated under the common appellation of incomplete color- 
bUndness; but we can, according to the theory, still conceive 
other forma of a defective sense of color. There is one, 
amongst others, which haa at command only one of the 
three kinds of elements. Such a sense of sight is not prop- 
erly a chromatic sense. For it there exists no specific dif- 
ference in ligiit; that is to say, no color. Every kind of light 
here acts as if on one element alone. This is why the 
single perception of differences of intensity of light (quan- 
tity), but not of difierences of color (quality), is possible. 
This condition may then be designated under the name of 
total colar-blindneiis. Several cases have been mentioned 
from time to time; but we have not succeeded in finding a 
single one, and it may well be questioned wbetlier such a 
case has actually existed.^ We may also conceive tliat 

■ Pmri^BBor Don^len mportcd an tnlcKEtlag ciuD oT coiiKsallal tnUilcoIar- 
bUDdDEES HI Ibo BQtdolbcrg OpbthBLmologlcal Soclbtj I81I : Aa educated 
jDOBg nivi of twcnty^ins y»n of BgowaB lotalLy oolor.blind. Strong light 
bllDdEd Um : In muderale light ho law vary well. lie w« ayo^e one^lghlh, 
and rend for honm witlwot gJuBHi. Out of duo», uU gloaaL-a which absorbed 
light, wiUjout dUl^renoo,— even the brlglil«t colored ones, — Wi^rc plcseant to 
blm. IncanH] the; rednoed the light. In the dioptric ripectrma of a giis.lanip 

In grwnlab yellow. Vrotn here OQEwarda towards tbo red find the Ught faded 
rapidly: lowudi the violet, at flnt, slowly, then rapidly. By modcratu II- 
lomiiutJDn be lost leM of the hrlghlestaf Ibeipectrgm on this Bide than 
towards Iho red end. With the polariscope, the complemiuitiu-y oalora 
Ibroo^ the (^uarti plate appeared to hhn of thu aanip color. In turning Iho 
double.rcfracllvo prism he bad a morlraiim of brlghtnoES at every ninety 
degruei, or cqaallty of brtghlness, aa If Uio qnnrti plate was not there. Ho 
hod the greoleet dlSbrence when Dondcrs hlmseir ssti purple luid grem; 
oqnallly, when he saw yellow uud bloc. TrlBla weru uluo mndo with Cbe- 
vtcnl's chromatlo drele. 



36 C0L0B-BLINDNES3 : 

another form of a defective sense of color arises from the 
three kinils of elements being miifarmly of modera^te sensi' 
bility. We are able to trace the following diagram (Fig. 5), 
bj which the three curves simultaneously approach the ab- 
scissa, or horizontal line, and are flattened in such a maitiier 
that the vertices disappear the first. 

" Ab is readily observed, green is then precisely the color, 
which, being ordinarily the most whitish of the primitive 
colors, is the first to lose its quality of 'saturated' color, 
and shades into gray. This must then be the exact scheme 
of pathological color-blindness, according to the theory. In 
fact, we have found in our examinations a lai^e number 
of caaea perfectly harmonizing with tiiia scheme. We have 
therefore classed them under the head of incompUle color' 
hlindneai; and this from essentially practical reasons. To 
define their nature according to the theory, it is necessary 

1 2 3 



to regard them as a particular variety, which ne shall call 
ti/eeble aerue of colors. We are not of course able to decide 
how far defects of this kind should be considered aa having 
a pathological origin, or whether they are ever congenitaL 
For this determination a much wider experience in this par- 
ticular department than we now possess is requisil*, for rea- 
sons to be given hereafter. This kind of defect in the 
sense of color leads — if we fancy it carried to its highest 
degree, or in such a condition that all the elements lose sen- 
sihility — to the complete absence of perception of light; 
that is to say, to blindness, strictly so called. Every defect 
in the sense of color must then proceed either from a sensi- 
bility anomalously reduced to a complete paralysis of one 
or several kinds of elements, or from a number relatively 
diminished in sensibility to the complete absence of one or 
several amongst them. 

" The experience acquired by an examination of colon in 
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different parta of the riaaa! field elucirlates our theory of 
eolor-blindneaa, while at the Bamo time having a practical 
Talus. The following is the manner in which this exami- 
nation is condaeted i The eye is fixed upon an immovable 
point; a colored object — for example, a colored paper one 
or two centimetres square — ia slowly paasetl from the aide 
of the visual field toward the fixed point. This experiment 
is performed still better by means of a special instrument, 
FSrster's perimeter. We then find that the colored anrface 
of any color whataoever appears completely colorless at the 
extreme periphery of the visual field. Surfaces of differeot 
colors exhibit only variationa iu intensity of light, not in 
color. The ground on which the surface appears plays here 
an important part, since, every time our visual sense per- 
ceives the light and color of an object, it partly depends 
upon the comparison with that which surrounds it. Thus 
a colored surface seems to us, in this part of the visual field, 
black or gray on a light ground, and gray or white on a 
dark. If, while following the same direction, the colored 
object is carried within the region wiiich surrounds the rest 
of the visual field, like a belt of greater or less width, we 
begin to aee the colored object, but not always in its natural 
color. Two colors alone — yellow and blue — retiiin their 
natural colors. All the others have the appearance of one of 
these colors consequently, — yellow or blue. It ia only after 
the colored object is carried a little farther toward the fixed 
object that it is seen in its natural color. Consequently we 
normally see colors only in the middlo of our visual field, 
within a conipnsa extending in a more orleea eccentric man- 
ner in every direction from the fixed point. Outaide of the 
central field extends a belt which surrounds it on all sides, 
and in which our whole system of colors is classed under 
two heads, — exactly as in the case of the red-blind. We 
have here, as in the last case, but two colora, — yellow and 
blue. Id other words, we are completely red-blind in thia 
intermediary zone : beyond tliis tiere is a peripheral belt, 
in which we are totally color-blind. These are matters un- 
questionably of great theoretic value; but it must be acknowl- 
edged they are also of great practical importance. Altliough 
we have adopted the Toung-Helraholtz theory, we muat 
admit that the different kinds of perceptive elements of col- 



88 COLOE-BLINDNESS : 

org liavo a diScrent local division upon tho retina; and tUt 
is wliy nc may speak of tlie t^ipogrnpliy of tho diruraaUa 
BonSB. The tact is expluiiieil in tliis way : in tho retina of 
tlie Dormal eye there are simultaneously three kinds of ele- 
tnenls in tlio oentral port, correspouding to tlie centml 
region of the visual field. Toward tlie periphery, beginning 
at tlie central fossa, the elements become more and more 
rare, but in unequal proportions; so that tlie perceptive 
organs of red cease lira^ and this at a limit corresponding to 
that of the central region. In a bolt which answers to tlu 
intermedial) Koue, or the belt of the red-blind, there t^ 
mains in oonsequenoe but tlie perceptive elements of grem 
and violet. At the limit near tlie periphery of ttie retina, oor- 
responding to that of the peripheral zone of the visual field, 
or region of ahsolute color-blindness, the peroeptive 
ments of green cease also; so that there only remains in this 
last smne the perceptive elements of violet. We have betn 
espeoially led lo this lost conclusion by tlio examinatioa of 
two cases of color-blindnoss, where the visual field y 
abnormally small that tlio peripheral zone seemed lo be 
ollaced, and where we, besides, recogniised the charact^rittie 
features of violet-blindness. This esiwriment, wUieb psi^ 
Eectly harmonized willi tlie Uioory, showed us the relation 
of oonipleie rod-bUndnese to the normal chromatic mdbs. 
Ued-blindueSB is distinguished from the normal light ia tUa, 
tliat the normal central field is wanting, but is reptacod by t 
mean correspon<linf{ at the same time to the central field and 
to the intermediary zone of the normal sight. We have alio 
succeeded, owing tc the peripheral investigation of the ool- 
ored visual field, ia verifying in a great number of oasea 
the continuous series of forms of transition, whici) we baVA 
classified as one kind under the head of incomplete color- 
blitulnea, or, in the instance especially occupying us ber«i 
inaomplett red-blmdaeis. lu the same way ttie other kinds 
of color-blindness may also, as regards the visual field, b« 
classified according to tho theory. The visual field of the 
green-blind Is distinguislted from that of the normal oLeerver 
in this, that it has a ]>eripheral field corresponding in eztei^ 
slon botlt to the iiilennediary and peripheral zones of the 
normal observer. The visual field of tlio violet'blind la dJa- 
tlnguished on the other hand in this, that it is completely 
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deficient in the normal peripheral zone. These two kinds 
of mcomplele color-biindnesn nre churncterized by a central 
field diminished at every degree. With regard to Uje viaual 
field, we may therefore lay down this rule, that it has as 
many distinct zones, with reference to the pereeptiou of 
colors, as the chromatic Bense haa fundamental colora or 
different kinds of perceptive elements, and that the differ- 
ent degreea of incomplete color-blindnesa are in the inverse 
ratio to the dimension of the Tisaal field. If the central 
field is limited to a circle of ten degreea from the filed 
point, all the respective characteriatica of color-blindneee 
are nanally foojid in it, sometimes within even a narrower 
range. A feeble senae of color manifeats itself in a much 
wider central field. All the anomalies that can be discover^ 
in an examination of the visual field might, in consequence 
of the method employed, be explained by a diminution of 
excitability as well as of the number of the elementa. The 
intermediary zone of the normal visual field or belt of red- 
blindness haa an especial interest, aa it furnishes us with 
the opportunity of seeing with our own eyea as the red- 
blind eoes, and consequently of exactly comprehending hia 
abnormal perception. 

"According to the theory, we see only yellow and blue in 
tliis belt^ and in consequence we admit that tiie red-blind 
not only call yellow and blue their principal colora, but 
moreover see them exactly as the normal observer does. 
This hypothesia cannot assuredly be proved ; but this ia not 
necessary, as the explanation Helniholtz haa given of the 
designation of one of the principal colors of the red-blind is 
perfectly satisfactory. This circumstance, however, has 
given rise, amongst others, to a doubt about the Young- 
Helmholta theory, and to another theory admitting four 
principal colors to the normal sense of colora, yellow being 
classed amongst them. But this is useless. It must not 
be forgotten that colorless light and colored light are sub- 
jective perceptions, and that comparison here performs an 
imjwrtant part. This fact is sufficiently proved by the phe- 
nomena of contrnata, accidental colora, Sai. White ia not a 
color: it is merely a general, neutral light, and ia therefore 
produced when one kind of element is not more esoited than 
another, or when all the elements are equally excited. 
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"But, 08 the thooty obliges us lo admit tliat the ezdto- 
tion o£ Hie peronplive olomauta o( (p-pen aod ciolet may, In 
certain oawti, m iu Uin iiistaiicn of Ihn reil-tilind, Hitppty tli« 
penmption uf wii)t«, and not Itliiifih green; and that, iii cer- 
tain oaaOB, Ml in that of tlio groeu-blind, the excitatiou oi 
the perceptive elements of red nnd violet does not give pu^ 
pie, bat white, — it is in no nils cmitrary to the tlieory to 
admit tliat the excitation of Uio organ pcrcitivlng green 
gives tlio porooptiou of yoUow in cases where alt that re- 
mains, moreover, of t)ie system of colors is the oomple- 
mentary uoloruf yellow; that hi k> aay, blue. Tho uxeila- 
tion ot the porcGplivu organ of green givds the peroeptiun of 
greeii only on tlio ratina, or on a point of the retina which 
also contains the organ poroiiring red. But this is not tha 
plnoo for further developments of titis theory. 



" In tho preeeiling wo have indicated, iu conformity with 
the theory, the different forms of a dofeolivo sense of ooion, 
to whicli, we think, should be applied the name of color- 
blindness, and which, owing to their nature, thooretic&Ilj 
must be considered as of different kinds. This division 
will bo sanctioned, if we uonaider the relations in which It 
stands to tho method pursued for discovering thum, and 
which is based on the Young-HelmholtjG theory. It is thli 
WD are about to explain. 

"We classify the different kinds of color-blindness nnder 
otpocial heads, to be able the better to grusp the whole. 
We might, indfl^d, divide this blindness into congenital nnd 
aa(]uirodi but as snoh a division hixs ruference alone to tba 
mode of origin, and not to the nature of this blindness, and 
affects in no wise tho manner of its discovery, it hoe do 
practical importance In the cose now occupying our att«a- 
tlon. Besides, our division relates, as docs our tmtira 
memoir ou ttils subject, essentially to congenital color* 
blindness. The divii 

" I. Total color-blindness, in whicii the faculty of pnrceiT- 
ing colors Is absolutely wanting, and whrrn tlin visual sanse 
oonscrjiinntly cim ouly perceive tho diffcroncn Iwtwecn dork* 
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Rs and light, as well as the dillerent degrees of intensitj 

ligl.t 

'■ II. Partial color-blindiieBa, in wLtch tLe faculty of cei^ 
tain perceptions of color, but not of all, is wanting. It ia 
Bub-dividcd into, — 

" 1. Complete color-blindness, in which one of the three 
fundamental sensations, one of the three perceptive organs 
of color in the retina, is wanting, and in which, conse- 
qaentJy, the colored viaual fi.eld has but two ranges. This 
group includes three kinds ; namely, — 

(a) Red-blindness. 

(b) Green-blindness. 

(c) Violet-blindness- 
2. Incomplete color-blindness, where one of the three 

kinds of elements, or perhaps all, are inferior in excitAbility 
or in numbers fo tlioae of the normal chromatic sense. In- 
complete color-blindness exhibits, like the normal sense, 
three zones in the visual field, but is distiuguished from it 
by an onnanally small central field. This group includea 
the whole of a series of different forms and degrees, a part 
of which — the superior degrees, which might be called 
incomplete red-blmdnets and incomplete tp-een-blindnegs (and 
irtcompUle violet-ilindnean') — constitutes the transitions to 
the corresponding kinds of complete color-blindness ; and 
another part of wWoh — the inferior degrees, which we call 
a feeble c/o-omalic senne — constitutes the transition to the 
normal sense of colors. 

" We will show farther on that this classification, based 
entirely upon the Toung-Helmholtz theory, is quite practi- 
cal, and conformable to experience. Wo know no classifi- 
cation, which, though distinguishing accurately between the 
different essential forms of a defective sense of colors, draws 
a surer, more decided, and more practical limit between the 
defective sense of colors and the normal sense. 
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CHAPTER V. 



PEE0I8B CONDITION OF TIIB VISION OP TUB 
COLOB-IILIND. 

It will be now asked, Whut do the color-bliod I 
Hce ? Doea red look proon to them, or frrecn red, [ 
or yollow blue, &c, ? The fact so long ngo noticed 
that they could not diatinguiHh their fiiulty color 
from gray, — a mixturo of black and white,- 
and tlio more color-blind thoy wore the darker tho J 
gray which would match their faulty color, ought« [ 
perJiupH, to liave had more attention paid to It. ] 
Throiigli tliia wo can, [lerliajjn, get a bettor idea 1 
of the color-blind'a vision. And wo may furmo- I 
late their vixion thuH : All culom containing tbfltr \ 
defective ono will bo grayish, and this in proportioD 1 
to their individual amount of defect. 

But let UH have tho teHtimony nf tho color- I 
blind theniHolves. Mr. Polo, a red-blind, 
toHted hjinMelf, and shown wliy hitt reHultH ahould j 
be accepted. He thoroughly undeitttand« bin own ( 
condition, although he does not Huum to (|uite ap*! 
procint« tho oxiittence of varying degrees of color- j 
blindncHU, no perfectly Bhown, for instance, by I 
Dondeni in his examination of tho railroad i 
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ployfe in Holland : moreoTer, violefr-yeUow-blind- 
ness has no place for him, which is, perhaps, 
natural- 

In a ciiticiBm of Mr. Gladstone's Homeric 
vision, recently given in "Nature," Mr. Pole 
briefly sketches his former extended report of 
his ease, and Sir John Herschel's notice of the 
same. As to how he sees, which interests us, he 
says. — 

" In the first place, wo (the color-blind) see white find 
black, and their intermediate or componnd gray (provided 
they are free from alloy mth other colors), precisely as 
others do. 

"Secoodly, there are two colors properly bo called, — 
namely, ydlow and blue, — which also, i£ unalloyed, we see, 
as far as can be ascertained, in the normal manner. But 
these two are the ord^ colors of which we have any sensa- 
tion ; and hence the defect has been given by Sir John 
Herschel the scientific name of dichromic vision. 

"But now comes tie difficulty of the explanation. It 
may naturally be asked, Do we gee objects of other colors, 
such as roses, grass, violets, oranges, and so on ? And, if we 
do see them, what do they look like ? The answer is, that 
we do see all snch things, but that they do not give us the 
color-sensations correctly belonging to them : their colors 
appear to iis varieties of the other color-sensations which 
we are able to receive. This will be best explained by 
examples. Take iirst the color red. A soldier's coat 
(British), or a stick of red sealing-was, conveys to me a 
very positive sensation of color, by which I am perfectly 
able to identify, in a great number of instances, bodies of 
this hue. If, therefore, the investigation of my experience 
ended here, there would be no reason to consider me blind 
to red, or as having any grave defect in my vision regarding 
it. But, when I examine more closely what I really do see, 
I am obliged to come to the conclusion that the sensation I 
perceive ia not one that I can identify separately, but is 
■imply a modification of one of my other sensations; namely, 
yeHoKj. It is, in fact, a yellow, shaded with block or gray, 
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— a darkened yellow, or what I may call yellow brown. I 
fiod that all the moat common hues of red correspond with 
this description i and, in proportion as they aro luore scarlet 
or more tending towards orange, the yellow I see is mora 
Tivid. The explanation, I suppose, ia, that none of such 
reds are pure, — they are combinations of red with yellow ; 
so that I see the yellow element of the combination, while 
the true red element of the combination is invisible to me 
as a color, and acts only as a darkening shade. 

" I obtain a further proof of this by the change of sensa- 
tion when the hue of red is altered. I find, that, as the color 
approaches crimson, the yellow element beeonjes fainter, 
and the darkening shade more powerful, until very soon the 
yellow disapjiears, and nothing but a gray or colorless huo 
is presented to my eye, although the color is stil! a positive 
and powerful red to the normal-eyed; so that there is a 
hue of red, which, as a color, b absolutely invisible to the 
color-blind. 

"If I go on beyond this point, and take reds thatpaas 
from crimson towards the hue called lake, I see ray other 
color come in, — a faint blue, — which increases till violet ia 
readied, when it becomes raore decided. Violet is under- 
stood, I believe, to be a compound of blue with red; and, 
accordingly, the red element being invisible to the color- 
blind, violet hues generally appear to them only as darkened 
blue. There are, however, examples where, from the red 
being very strong, the blue appears to lose its effect; and 
the impression given ia colorless, black, or gray. Thej 
correspond, in fact, with the neutral red before described, 
although still called violet or purple by the normal-eyed. 
This latter effect is much enhanced under tlie artificial light 
of gas or candles. 

"A similar observation will apply to orange, — a com' 
bination of red and yellow, — in which the yellow only is 
perceived. 

" The appearance of green to the color-blind corresponds 
exactly to that of red. Green, in its true aspect, is invisible 
to tliem; and, consequently, when neutral, — i.e., unmixed 
with any other color, — it presents to their eyes the appeoranoe 
of gray. When, however, it is wised with yellow (and molt 
of the greens in nature are yellow greensj, they see the 
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yellow only, but diluted or darkened by tJie invisible green 
element; and ia leas frequent caaea, where the green ia 
ted with blue, they see file blue element only iu lite 
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" It is therefore easily understood how so simple a defect 
of vision gives rise to so eomplei a series of symptoms as 
those already described. Take first the color red. If it is 
a scarlet variety, aa the majority of reds are, presenting the 
appearance of yellow to the color-blind, they may naturally 
confound it with the latter color, as well as with orange, 
with yellow green, and with brown, — all which cause to 
them the same sensation. If, on the other hand, the red 
contains a predominance of blue, it may be confounded, 
on the same principle, witli blue or violet. If it ia a 
neutral red, lying between the two, it will be confounded 
with black or gray. A pale pink, though very distinctly 
colored to the normal-eyed, often offers so little color to the 
coloivblind as to be mistaken for white or very light gray. 
The same explanation will apply to green. Its yellow 
varieties may be compounded with red, orange, yellow, 
and brown ; its blue varieties with blue and violet ; and its 
neutral hue with black or gray, or, if pale, with white." 

These statements of Mr. Pole are so valuable, 
and BO in aceoidanee with the appheation of the 
Toung-Helmholtz theory of color-perception to 
color-blindness as we now are enabled to analyze 
it, that I can not refrain from quoting Sir. John 
HerHchel's remarks in reference to them. We see 
now how the color-blind perceive the colors they 
are blind to ; and therefore it is important to feel 
assured that the red-blind — as, for instance, Mr. 
Pole's — perception of yellow and blue is the same 
as our own or the normal-eyed. Sir John says, — 

"I consider this paper as in many respects an exceed- 
ingly valuable contribution to our knowledge of the curious 
eubject of color-blindness, — first, because it ia the onlyclear 
and consecutive account of that affection which has yet been 
{^vea by a party affected in possession of a knowledge of 
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what has been said and written on it by othera, and of the 
theories advanced to account for it, and 'who, from general 
edacatioD and habits of mind, is in a position to diaciiis hi* 
own case scientifically ; and, sctcond, for the reasons the mt- 
thor himsoll alleges why 8uch a person is really more fa- 
vorably situated for describing the phenomena of oolor- 
blindnesB than any normal-eyed x>erson can possibly be. It 
isobviouii that on the very same principle that the latter con- 
siders himself entitled to refer all bin perceptions of colCT 
to three primary or elementary sensations, — whether theie 
be red, blue, and yellow, as Mayer (followed in this reqiect 
by the generality of those who have written on colors) haa 
done, or red, green, and violet, as suggested by Dr. Young, 
reasoning on Wollaston's account of the appearance of the 
spectmra to his eyes, — on the very same principle is a pep- 
son in Mr. Pole's condition, or one of any other description 
of abnormal color-vision, qnit« equally entitled to be heard 
when he declares that be refers his sensations of oolor to two 
primary elements, whose combination in various proportions 
he recognizes, or thinks bo recognizes, in all hues presented 
to him, and which, if he pleases to call yellow and bine, no 
one can gainsay him; though, whether these terms expreaa 
to him the same sensation they suggest to us, or whether his 
sensation of light with absence of color corresponds to our 
white, is a question which must forever remain open 
(although I thinh it probable that such is really the case). 
All we are entitled to require on receiving snch testimony ia, 
that the party giving it should have undergone that sort ol 
educaliiin of the aight and judgment, especially witli reference 
to the primitive decamposUion of natural and artificial col- 
ors, for want of which the generality of jxirsonH whoso viuon 
is unimpeachably normal appear to entertain very confused 
notions, and are quite incapable of discussing the subject of 
color in a manner satisfactory to the phototogist. 

" That Mr. Pole's vision is (/iclironilc, however, there can 
be no doubt. If I could ever have entertained any as to the 
correctness of the views I have embodied of the subject in 
that epithet, aiif.t reading all I have been able (o meet with 
respecting it, this paper would have disitelled it. That ha 
sees blue as we do, there ia no ground for doubting; and I 
think It extremely likely that his sensation, of whiteness ■■ 
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the same &a ours. Whether his sensatadi of yellow corre- 
Sponda to oura of yellow or of green, it is impossible to 
decide, though the former aeema to be most likely," 

We thus see that the color-sense of the color- 
blind raay be described as follows : The red-blind 
Bees all objects of this color of a darker hue than 
they are. The same of the green-blind as to 
green. Both confound these colors with each 
other and gray. A mixture of white and black in 
proper proportions, to represent the luminosity of 
any shade of red or green, will give the color-blind 
the same sensation as that shade. Tlie violet-yel- 
low-blind will do the same in reference to all colors 
containing either of these two, Violet-blindness ia 
BO extremely rare, and not causing danger on land 
or sea, we may omit special discussion of it. 
Great misunderstanding of the eolop-blind's sensa- 
tion has arisen from the natural lack of knowledge 
and appreciation of composite colors. Purple, or a 
combination of red and violet, or blue, ia rarely 
otherwise spoken of than red in popular language, 
except when the commercial name " magenta " ia 
used. The blue or violet in it the normal-€yed do 
Hot think of, and none woiild class it with blue. 
The color-blind, however, do not see the red in it 
other than gray ; but, as their vision is perfect for 
violet, they see this in the purple, and so class it 
with blue. Hence the general idea that the color- 
blind confound red with blue, the sky and a rose. 
Pure red they never confound with blue. 
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COI,OK-BLINDNESS FEOM DIBBASE OE INJORT. 

Color-blindness is a congenital defect, and, 
will be later shown, incurable. It is not connected 
with any special color of the eyes, or the humoiB 
within the eyeball. The color of the eye depends 
on the more or less pigment in the iris. The back 
of this little screen is covered with black pigment, 
preventing light passing through it, so that its 
color can have no effect. The ocular humors of 
a color-blind person have been found exactly the 
same as the normal-eyed. Whether color-blind- 
ness is caused by some defect in the recipient oi^Oi 
the retina, or the perceptive organ, the brain, or 
both, is not yet decided ; and I need not dlscusB 
the question here. 

It is of more importance to know and remembeZ 
that a similar condition as to blindness to color il 
caused by certain diseases of the eye or brain.. 
Ophthalmic surgeons have long known that a lou 
of chromatic sense was associated with a peculiar 
form of atrophy of the optic nerve, which 
hereditary. Certain constitutional diseases, also, 
cause color-blindness. In some affections of tho 
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alone, portions of the retina become color- 
blind. As with simple congenital color-blindncsa, 
ttie power of form-perception, in chromatic loss 
from disease, may be retained. 

Tobacco and alcohol, either alone or together, 
may finally cause color-blindness. The warnings 
of ophthalmic surgeons have been too little heeded 
on this point. The loss of color-perception is 
often overlooked, aa the loss of form-perception 
most troubles the person affected. Excessive 
smokers and drinkers amongst railroad employes 
and sailors may become color-blind when their eye- 
Bight is still good enough for tliem to retain their 
positions, in which perfect color-perception is also 
needed. 

Color-blindness is caused' also by accidents, and 
especially by those accompanied with excessive jar 
and shock, as on railroads. There are many well- 
authenticated cases on record where normal color- 
perception was known to exist before the accident. 
Professor Wilson reports a physician who was 
thrown from his horse, and saffored great cerebral 
disturbance. Ou recovering sufBcientiy to notice 
distinctly objects around him, he found his percep- 
tion of colors weeikened aud perverted, and has 
Ince continued so. Flowers huve lost more than 
I their beauty for him ; and he still recalls the 
jibock which he experienced on first entering hia 
:garden, after his recovery, at finding that a favorite 
■damask rose had become in all its parts, — petals, 
leaves, and stem, — of one uniform dull color, and 
jfliat variegated flowers, such as carnations, had 
lost their characteristic tints. 
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Dr. Favre reports several interesting cases ofl 
temporary color-blindness from injury, aod says,— 

" The majority of cases of traumatic color-ltlindnesa tx 
very analagous to congenital natural chromatic deficienoj. 
Railroad employi^ and sailors are certainly amongst Uiom 
who are most exposed to wounds and contusions. The lai^ 
majority of such are habitually or occasionally charged with 
the observation or transmission of orders given by colored 
signals. Railroad officials and naval officers ought therefore 
to have their attention called to the circumstances which 
may at a given moment and for a certain time deprire ai 
engineer, a stoker, a conductor, a pointsman, a station-n 
ter, a. guard, a sailor at the helm, a lighthouse-keeper, a dgj 
nal-mau, or a coast-guardsman, of their correct judgment d 
colors." 

In illustration of color-blindness £rom disease, l| 
will mention Dr. Hay's ease : A young woman agi 
twenty had cerebral trouble, and, with some loss o 
sight, considerable loss of color-perception. WlieBi| 
asked whether she could see the figure on her drea 
which was a calico one with red spots, she repliec 
" Yes, I see the brovm spotsJ" It was aBcertaine^l 
she coiild distinguish forms, even of small e 
with accuracy ; but her perception of colors v 
exceedingly imperfect. Repeated and careful i 
vestigations during this and on several subsequi 
occasions showed that the only colors she I 
with certainty were ffdlotv and hlite. Nearly s 
other colors she termed brown, or hesitated i 
name, designating, however, their shades or intett^ 
sity of color accurately. Thus a deep red she 
called a dark brown ; a bright green, a light brown ; 
and a very pale pink, a veiy light shatle of brown. 
She was not congeuitally coloi'-blind, and, after 
some months of treatment, recovered her form and 
color perception perfectly. She resembled a red- , 
blind person whilst suffering from her d 
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Tyndall reports a case of Mr. White Cooper's, 
Iwhich, as it contains a word of warning, and is be- 
I'fiides very interesting, I will give at length: — 

" The Bofferer was a, sea-captain, and ten or twelve years 
I .Bgo was accustomed, when time lay heavy on his liaiids, to 
1 occupy it by working at embroidery. Being engaged one 
Biftemoon upon a piece of work of this description, and aiiX' 
PSoos to finish a flower (a red one, he believes), he prolonged 
■ iiis labors nntil twilight fell, and hefound it difScult to select 
f the suitable colors. To obtain more light he went into the 
V eompanion, or entrance to the cabin, and there continued his 
r aeedle-work. While thus taxing hia eyes, his power of dis- 
F^tingnishing the colors suddenly vanished. He went upon 
deck, hoping an increase of light would restore his vision. 
In vain. From that time to the present he has remained 
color-blind. Berlin worsted, with which he bad been ac- 
onstomed to work, he at once and correctly pronounced to be 
\^ blue. He had a keen appreciation for this color, and never 
taade a mistake regarding it. Two bundles of worsted 
1 light green, and the other a vivid scarlet — were 
It placed before him. He pronounced them to be both of 
le same color. A difference of shade was perceptible ; but 
X)th to him were drab. A green glass and a red glass were 
^]^laced side by side between him and the window : he could 
JSliBoem no difference between the colors, A very dark 
n he pronounced to be black ; the purple covering of the 
s also black; a deep red rose on the wall of tlie 
a mere biotoh of black ; fraits, partly of a hright 
I and partly of a deep green, were pronounced to be of 
e uniform color. A cedar pencil and a stick of seal- 
ing-wax placed Bide by side were nearly alike. The former 
IS rather brown ; the latter, a drab. Electric light through 
> green glass, allowed to full on a screen, gave him qo 
tolor ; bat only that portion of tlie screen was a little less in- 
ely illuminated. 

" CflpL C. was assured, that, previous to the circum- 
BtanceB related, ho was a good judge of colors; so that, pro- 
nouncing on any color, he bos an aid from nietnory not 
usually possessed by the color-blind. Indeed, he hod an 
_ opportunity of reviving his impression of red. A glass of 
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this color was placed before his ejea while be stood close to 1 
the electric lamp. On establishing the light, he at once 
claimed, ' That is red I ' He appeared greatly delighted to 
renew his acquaintance with this color, and he declared he | 
had not seen it for several years. The glaaa was then held I 
near the light, while ho went to a distance ; but in this case 
no color was manifest; neither was any color seen when a 
gas-lamp was regarded through the same glass. The in- 
tense action due to proximity to the electric light appeared 
necessary to produce the effect. Capt. C.'s interest in 
this experiment was increased by the fact that the Portland 
light, which he has occasion to observe, has been recently 
changed from green to red ; but he has not been able to 
recognize this change. The fare in the fore-cabin of a , 
vessel of his owu, which he now commands, happens to be 
sixpence; and he is often remiuded by the passengers that 
be has not returned their ciiango. The reason is, that he 
confounds a sixpence with a half-sovereigii, both being to 
bim of tbe same color. A short time ago he gave a aover- I 
eign to a waterman, believing it to be a shilling." 

Mr. Haynea Walton says, — 

"A few years ago I was investigating color-appreciation, 
and the first instance of the acquired defect that came to 
my knowledge was in the person of an eugine-driver. This 
man confessed, after an accident through his not distin- 
guishing the red signal, that he had gradually lost his coloi^ 
power, which had been perfect; and so sensible was he of 
his loss and its disadvantages, that, before the accident, he 
had determined to give up the situation. The manager of 
the company, who told me the circumstance, assured me 
tliat this driver had been carefully examined but a few years 
back, and passed as possessing perfect sight. Does not this 
show that those who are to be trusted with color-signals 
should be periodically examined? " 

We have thus seen that there is a condition 
■wholly resembling congenital eolop-blindness, 
caused by disease or accident, and that it may be 
recovered from when the results of disease or acci- 
dent pass away. This must be remembered, t 
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color-blindness, when congenital, is incurable. To 
the ophthalmic surgeon color-blindness is a recog- 
nized symptom of certain aifections. This is a 
question discussed in ophthalmic literature, and 
out of place here further than I have introduced 
it. The abuse of alcohol and tobacco is too com- 
mon not to render possible color-blindness from 
this cause among railroad employiSs and sailors, — 
a point at least to be remembered. 
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CHAPTER Vn. 



COLOE-BLTNDNESS HEEEDITABT. 

Like all other congenital defects, color-blind- ' 
ness is hereditary, wliich' explains the large ratio 
of color-blindness individual observers have found 
when liappening to include one or more color- 
blind families in their statistics. In 1845 Dr. 
Pliny Earle reported the color-blindness of five 
generations of his family as follows: — 

Of the first he knows nothing as to their color- 
blindness. 

Second: of seven brothers and eight sisters, 
three brothers had the defect. One was Dr. 
Earle's grandfather. 

Third generation, — children of the grandfather, 
— three brothers and four sisters: no one imper^ ' 
feet. I 

Fourth generation, — first family of five brothers 
and four sisters : two brothers color-blind. 

Second family of one child (girl) : normal colo^ I 
perception. 

Third fitraily of seven brothers ; four had oolor- 
blindness. 

Fourth, not reported. 
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Fifth family of tliree brothers and seven sisters : 
all perfect ■vision. 

Sixth family of four brothers, five sisters : two 
of each sex color-bHnd. 

Seventh family of two brothers, three sisters : 
the two brothers color-blind. 

Eighth family : no issue. 

Ninth family of two sisters with normal color- 
perception. 

Seventeen of these people of the fourth genera- 
tion are married, and have fifty-two children. 
Many of the latter are very young (1845) ; and, 
as the defective perception has hitherto been de- 
tected in but two of the families. Dr. Earle places 
these alone on the list for the fifth generation. In 
one of these families of three brothers and three 
sisters, one of the brothers has the defect ; and in 
the other a male, an only child, is similarly 
affected. We have therefore, in these thirty-two 
males, eighteen color-blind. Of the tweuty-nine 
females, two are color-blind. 

The overleaping of one generation by the hered- 
itary pecidiarity of vision is satisfactorily shown, 
since it appears that there are no cases in the 
third generation. Furthermore, in the cases of the 
two males of the fifth generation, it will be per- 
ceived that neither parent nor grandparent had 
the defect; so that there was an interval of two 
generations between the manifestations of that 
defect. 

Dr. Earle regrets he is unable to give me a fur- 
ther report of his family to this time (December, 
1878). 

Such methods of testing as are now only consid- 
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ered to be absolutely certain would, perhaps, have l 
revealed varying degrees of color-blindness in other j 
members of these families. 

The first case ever reported, the shoemaker Har- 
ris, had three brothers color-blind also, whilst two 
other brothers and a sister were free fi'om the de- 
fect. Dalton had a brother color-blind like him- 
self, another brother and a sister normal-eyed. In 
one of Dr. Nichols's cases the defect was derived 
from the maternal grandfather, some of whose 
brothers were also color-blind. In fact, hardly 
any of the older cases reported did not show that 
it was a family peculiarity. Wartman says, — 

" With respect to affinity, there are BOme color-blind a 
of whose kindred exhibits this anomaly of vision. Othen I 
have, HO to speak, inherited it from their father or their 
uncle, either paternal or maternal (without, in the latter 
case, the aunt participating in it). Lastly, it is not rare to 
find brothers, eereral of whom are color-blind, without their I 
being all necessarily bo. The sisters are almost always ' 
privileged." 

We must, however, remember that, so long ago 
as when Wartman wrote, this defect was rather 
regarded as a scientific curiosity, not particularly 
affecting practical life. The blood-relatives of a 
color-blind would therefore rarely be hunted up 
and tested. 

Cunier, moreover, in 1838, reports the case of a 
lady who was color-blind. Her mother and two 
sisters were the same. Her brother was free from 
the defect. The lady had six children, — one son 
not color-blind, and five daughters affected like her- 
self. The oldest daughter had four children, two J 
of them (gii"la) color-blind. The second daughter ' 
had a boy and a girl, the latter color-blind. The 
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[fourth daughter immamed. The fifth left a boy 
myopic, but not color-blind. We thus have the 
remarkable instance of eolor-blindneas appearing 
only in the females of a family for four genera- 
tions. Dr. Ph. Hochecher says, — 

• " Many obaervera have shown color-blindnesa to be hered- 

itary. I am not the only color-blind in my family. Three 
of my mother's brothers are bo, ouo of my cousins, iitid a 
nephew. The same is the caae with one of the students, 
vhose cage I report. He is color-blind, his mother, and his 
mother's brother, as was also his brother, now dead." 

Heredity was frequently very marked, known, 
and reported on among the many people who re- 
plied to Professor Wilson's inquiries. He even 
says, — 

" No fact is better ascertained than that color-blindneas 
clings to certain families, and is hereditary. With few ex- 
ceptions, every one of the parties whose cases I have spe- 
cially recorded in this paper has near rclatirea as color-blind 
as himself. It seems, indeed, a safe estimate, that every 
decided case of color-blindness implies the esistence of 
another ease of equal or similar severity in the person of a 
relative ; so that the numbers I have given as representing 
the proportion of color-blindness in the community may be 
fairly doubled." 

My own experience agrees with Professor Wil- 
son. Few of the adult color-bUhd whom I have 
tested did not know of some hlood-rolative simi- 
larly affected. It has been found prevalent with 
the Jews, among whom intermarriage and conse- 
quent hereditary peculiarity is very frequent. 

Professor Horner of Zurich has given the data 
on which he based the law of transmission of 
color-blindness, and they are of such value in ref- 
erence to heredity, that I introduce them here 
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with the remarks accompanying his original ar- 
ticle. He sayB, — 

"The hereditarinesa of color-bliudaess has been long 
known. Ribot and Darwin speak of it, aa also that it is 
more frequent in men than women. As I have had oppor- 
tunity of being familiar with very accurate pedigrees, which 
Uhisto'ate a definite law, I mill give the results of these gen- 
ealogical researches. 

" Tha first family I became acquainted with some yeare 
since. In the following Table L, the male descendants are 
marked with M, and the female with W. The generations 
go from A to G. The letter of the particular generation 
stands beside the letter for the sex. To simplify the tables, 
the unmarried daughters, and the brothers and sisters whose 
descendants could not be followed, are omitted. I would, 
however, expressly say that this omiaaion only aflecta the 
result in that the law appears more marked, not that an 
exception to it is thereby concealed. For instance : if, in 
generation D, several unmarried normal-eyed daughters, in 
generation G some normal-eyed sons not yet married were 
included, it would have further illustrated the law, but have 
rendered the scheme more difficult to express in print. 

" From the youngest generation H, the tree is quite cer- 
tain up to generation C. I have the proofs of this from 
those who were living in the commencement of the eight- 
eenth century. From here upwards the conclusion aa to 
the commott origin is hypothetical. We know nothing of 
the color-blindness of A. He was the father of two daugh- 
ters, who have red-blind Hons. From the evident law among J 
the descendants, it is fair to conclude that the mothers wers J 
not color-blind, but the grandfather was. At any rate, tha J 
table, even if we omit the upper row as hypothetical, ia of ■ 
much interest, and plainly shows, — 

" Ist, That there were no color-blind girls. 

" 2d, That color-blind fathers had normal-eyed sons. 

"3d, That color-hlind sona had normal-eyed mothers. 

"4th, That the seeming exception in generation F, i 
a color-blind father had a color-blind sod, is explained a 
still in conformity with the law when we recfJl that tJ 
mother, color-blind, was the daughter of acolor-blindfktherj 
and we have the descendants of two color-blind. 
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" 5th, The general law is, therefore, ' that sons of daugh- 
ters whose father was color-blind ^re moBt likely to be the 
le, although not witboat exception (yii/e II) ; or, color- 
bliadness is transmitted ia the revertible tj^e from grand- 
father to grandchild.' 

"I have become acijnainted with another family tree 
which gives, although to a iesaer extent, the same type. I 
place it without comment with the other, calling attention 
to only one intereating fact ; namely, a jump of two genera- 
tions. The first daughters of generation B bore only girls, 
whose sons followed their great-grandfather's type. In this 
smaller pedigree it is seen that in generation C and D the 
transmission to the grandchildren ia not absolute ; so that it 
is the complement of Table 1." 

Cohn found, among his one hundred color-blind, 

tlirea timea the father red-blind, fifty-six times the 
parents normal-eyed ; in fourteen cases the broth- 
ers color-blind ; once the father and three sons. In 
□o ease were alt the children color-blind. A color- 
blind father had seven children, all normal-eyed ; 
but the mother's brother, a cousin of the mother, 
and all the sons of this cousin's only sister, color- 
blind (none of the daughters). 

Dr. Magnus says, — 

" The hereditarinesH of color-blindness has been known 
as long as the defect itself. All who have seen many color- 
blind will have often noticed that it was in their mother's 
family that other cases were found. I have frequently been 
assared that this or that cousin on the moiher's side was also 
color-blind ; and, now and then, that a more distant relaMve 
of the moiher had also color-blind sons. In view of Homer'a 
law, this is readily explainable ; and this peculiar law is alt 
the more interesting since we find that it is the same in ref- 
erence to the heredity of other physiological abnormities or 
defects. For instance, we know that in families the ten- 
dency to bleeding is similarly handed down, and also, as Dr. 
Pagenstecher has recently shown, night-blindness. It would 
seem as if this law of heredity had a more general applica- 
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tion. It would be most valnable if family phyazcians, who 
tnow and observe their patients' families for several genera- 
tions, could interest themselves in carefully elucidating the 
extent of this important law. 

"Naturally this law does not exclude the possibility of 
other ways in which color-bllndnesa may descend. In some 
cases I have with certainty found ttat a color-blind father 
begat color-blind sons. 1 remember now two cases in which 
a color-blind father had two color-blind sons," 

In a later publication Dr. M^^ua says, — 

" The effect of heredity is very marked in my examina- 
tions. Of ninety-five color-blind, whose families I could 
inquire abont in reference to this point, I fouud it in for^- 
two. Five times the parents were normal-eyed, but the 
grandfather color-blind, and in three of these cases the 
father of the mother. Riite, in 1845, said, ' The defect is 
hereditary, and, peculiarly enough, rather through the wo- 
men than the men. For example : the maternal grandfather 
transmits to the grandchildren.' A vezy intereating proof 
of this law I have lately received by letter from Professor 
Valentine of Berne, Nov. 5, 1878, who writes, 'I naturally 
can have no opinion as to Homer's law, I only know one 
case near me which supports it. Professor F., fonnerly 
here, was color-blind: his children are not. He had five 
daughters, who are all married. Their children, so far as I 
could trace, are mostly color-blind.'" 

Again Magnus says, — 

" I have also among my color-blind found with certainty 
six times that the maternal relatives were color-blind, and 
it was inherited through them. In three of these cases it 
was the mother's brother, maternal uncle, who was color- 
blind. Two sisters each bad a color-blind sou, one of whom 
I tested. Two cousins, daughters of two sisters, each had 
a color-blind son. I do not, therefore, tliink it too hasty 
to say that the color-blind inherits hia defect very frequently 
from his mother's family. She will be normal-eyed, and 
transmit color-blindness to her sons, but not to her daugh- 

Besides the very many times I vfus told by those 
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I tested of some relative being supposed to be 
color-blind, I had direct testimony from my own 
observation, or testimony of a character I could 
depend upon, in the following instances : Sixteen 
times brothers being color-blind ; once, father and 
son ; maternal grandfather and two grandchildren, 
boys, — three sisters not so ; maternal grandmother 
and grandson; mother and son; male cousins 
twice; twin brothers red-blind; of two brothers, 
one red, the other green blind ; a lad, his great- 
uncle and grandfather ; three brothers out of five 
color-blind, but none of their children ; two broth- 
ers and maternal imcle ; three brothers out of 
four color-blind, the other too young to test. 

I have thus called especial attention to color- 
blindness being hereditary, as it has a direct bear- 
ing on the important question of the frequency of 
the defect, upon which of course depends the com- 
parative danger to the community at large. 
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CHAPTER VIII. 

PHYSICAL PECULLAETTIES CONIfECTED WITH 
COLOR-BLINDNESS. 

I HAVE Spoken of the improbability of the color 
of the iris or hair having any connection with 
color-blindness other than accidental. My own 
observations on more than 430 color-blind induce 
me to discard this at present from furtlier thought. 
In this Cohn agrees with me. Where light hair 
and iridea are in the majority in the community, 
they will be so found among the color-blind. 
Magnus recorded 48 among 93 color-blind with 
black, brown, or dark hair, and 45 with blonde ; 
28 had yellowish-brown or yellowish-gray eyes, 
and 65 blue or bluish-gray. Seebeck, in 1837, 
found 10 of his 12 cases had blue eyes, but wisely 
remarks that it is probably simply due to the fact 
that such are most frequent among all northern 
nations. There seems to be nothing gathered 
from testing the refraction or accommodation of 
color-blind eyes. The results are those to be 
obtained from the examination of the same classes 
as the color-blind belong in. The visual power is 
apparently the same as with the normal-eyed j but 
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have seen very extraordinary visual power of 
mi asaociated with color-blindness. As to the 
X and musical power, I can say nothing from my 
TO observation. Magnus could obtain nothing 
icisive on this point. 

In respect to parental relationship, I can only also 

ttote Magnus and Cohn. The former, amongst his 

color-blind, found but six times the parents 

Qelated, — always cousins. This point is worth 

studying; but deductions should be mode with 

great caution. Cohn also found six times the 

parents related. Five times they were cousins. In 

le case the father had no color-blind children by 

VrUe not related to him. His second wife was 

isin (their mothers being sisters), by whom 

had two color-blind sons. 

There is one other physical peculiarity which 
been connected with color-blintlness ; and that 
is a contraction of the forehead, and consequently 
of the anterior lobes of the brain. Niemetscheck 
measured the distance between the pupils of four 
colop-bliud, and found it to be 49, 50-64 mm. 
From this he deduced the idea that the brain mass 
anteriorily was proportionally smaller ; and here 
was where the phrenologists placed color-percep- 
tion. The idea was supported by Anbert ; but 
Dr. Cohn measured his one hundred color-blind, 
finding the distance between the pupils thus : — 

54-50 mm. in 20 scholars 9-]3 years old. 
58-62 mni. in 60 Hcholars 9-14 years old. 
63-Ca mm. in 18 Bcliolare 12-22 years old. 
67 mm. in a color-blind 67 years old, and 70 mm. in one 
40 years old. 

His conclusions, therefore, are that, "had Nie- 
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metscheck found protrusion of the eyeballs in 1^ 
cases, he could as well have connected it with 
color-bliu dn ess . " 

Professor Pfliiger, in Berne, measured the dis- 
tance between the pupils of l,8i6 normal-eyed 
children, and found in those between 7-14 years 
this to be 54-59 mm. ; in those between 15-19, 
to be 59-62 mm, ; also, in older students between 
20-22 years, he found it was 61-63 mm. Cohn 
therefore claims rightly that his color-blind had 
rather a greater distance between the pupils than 
the normal-eyed of the same age : hence the theory 
of Niemetsclteck is not true. 

Professor Holmgren also reports in 1878 his 
measurements of the distauce between the pupils 
of 100 color-blind. He employed an instrument 
he had specially arranged for this pui-pose. He 
also finds that there is no measurement of this 
Idud characteristic of the color-blind. 

Professor Wilson said in his book, — 

" I have to notice a singular expression in tlie eye of cer- 
tain of the color-blind, which may assist in their detection. 
It ia diScnlt to describe it, and it is wanting in well-marked 
caaea. But various of the color-blind, whose cases I have 
deBcrihtid, have preaented a peculiarity of look, which 
others have recognized on their attention beings drawn to it. 
In some it amounted to a startled expression, as if thej 
-were alarmed; in others, to an eager, aimless glance, aa if 
seeking to perceive something, but unable to find it ; and, in 
certain others, to an almost vacant stare, as if their eyei 
were fixed upon objects beyond the limit of vision. The 
expression referred to, which is not at all times equally pro- 
nounced, never altogether leaves the e^ee which it Beemg to 
characterize." 

In the appendix he also says, — 

" I have had the opportunity of observing it somewhat 
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particularly in four gentlemen not relatives, in two of whom 
it was readily recognized by others. All the parties referred 
to have healthy eyes, and excellent rifiioD for every thing 
but color. One has an absent, amious glance, with some- 
thing of the expreesion which amaurosis gives, only the 
. pupU. is small. One has a startled, restless look. The 
other two have an eager, prying, aimless air. The charac- 
ter common to thera all, and to tlie other cases I have seen, 
b this aimlesaness of look. Macbeth's reference to Ban- 
quo 's ghost,— 

' Tbou hast no speculation in. those eyes 
WTucli thou doat glare with," — 

very happily expresses the peculiarity which I find so diffi- 
cult tf> define. It has not, however, in moat cases, any tliiog 
repalmre about it The majority of those 1 have seen pre- 
■enting it would be described as having fine eyes. Tn one, 
die wistful, somewhat melancholy, but pleasing expression 
.pi his eye, had attracted my attentiou long before I knew 
that he waa color-blind. '' 

I can recall something of what Dr. Wilson de- 
ecribes in reference to two or three of my color- 
1>]ind acquaintances, but, on the contrary, not at 
all in reference to others. I recognize his diflSeulty 
of describing just what it is. I doubt if I should 
]iaTe noticed it, or at least connected it with color- 
blindness, except for his remarks in reference to 
it. Had he spoken of such a look or peculiar 
expression on the part of the color-blind when 
being examined, I could corroborate it from my 
experience ivith both adults and young persona. 
I haVe now and then mad^ my diagnosis correctly, 
from a peculiar dazed, half-anxious expression of 
■He face and eyes of a looker-on awaiting his turn, 
8s if they were called upon to do something unn- 
Boal, and sought or expected further explanation 
than that given the normal-eyed. I do not, of 
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course, mean the natural nervoueness of those 
conscioua o£ some defect ; but of those color-blind 
who had no idea any thing was wrong with their 
chromatic sense, and who often proved difficult to 
convince. I believe no other observer than Pro- ■ 
fessor Wilson has remarked on or recorded any 
thing of the kind, 

As to nationality, 1 have but to say, that, in our 
mixed population, nearly every European nation 
is represented. An opinion was expressed long 
ago, that the defect did not occur in the colored 
race. My opportunity of testing them has been 
but very small. Among 102 colored schoolboys 
I found 2 color-blind; among 94 colored school- 
girls, none. 

Whilst this volume is in press I have heard from 
Dr. Swan M. Burnett of Washington, D.C., who 
has had an opportunity I could not olitain. He 
has tested, by Professor Holmgren's method, 1,859 
colored schoolboys, and found 22 color-blind (op 
1.6 per cent) ; also 1,091 colored schoolgirls, finding 
only 2 color-blind (or 0.11 per cent). This smaller 
percentage among the boys may be due to various 
causes aside from the difference of race. More- 
over, larger numbers may entirely change it. 
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CHAPTER IX. 

PBEQUENCY OF COLOE-BLDTDNESS IN MALES. 

As the magnitude of the danger depends, of 
course, on the fi^equency of the defect, it becomes 

tnportant to know in what proportiou of the eom- 
uimity color-hlindDesa is likely to occur. Very 
rariable statistics are given by different observers, 
iepending largely upon the methods of testing; 
the more thorough and scientific these latter are, 
the greater being the number of color-bUnd indi- 
viduals found. Mistakes of excessive ratio re- 
|)orted are now better understood and avoided, 
Bince we know color-blindness runs in families, 
and is hereditary. An observer might thus find 
LO out of 40 individuals examined color-blind. 

let us glance at the statistics, such as they are, 
reported by the earlier observers. Dalton found 
S to 12 per cent ; Professor Pierre Prevost, 3 to 5 
per cent. Professor Kelland of the Edinburgh 
University found, among 151 students, 3 "thor- 
ough Daltonians," and several less well-marked 
Wdsou again found 2 among 20 students, 
1 among 47 other students ; on the Edinburgh 
police, five among 158. Dr. Rowc, at the Morning- 
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side Asylum, found 5 among 42 male attendants. 
These I quote from Wilson. Seebeck found 6 
color-blind among 100 students. Professor Allen 
Thomson met with the same result as Dr. Wilson, 
as also D'Hombre-Firmas in France, and Professor 
Dove in Berlin. Dr. Wilson also examined a 
large niunber of soldiers, who, together with those 
above spoken of as tested by him, amount alto- 
gether to 1,154 persons. Amongst these all, 65 
were color-blind, an average of 5.6 per cent, or 
1 in 17.7. The red-blind were most numerous 
throughout aU these. This proportion has been 
now admitted by Professor Helmholtz. Wilsoa 
said, in 1854, — 

"The statistics of color-blindnesa are as yet very imper- 
fect, aud do not include females; but tbere is every reasoa 
to believe that the number of males in this country (Eng- 
land) wlio are subject in some degree to this aflection is not 
less than 1 in 20, and that the number markedly color- 
blind — i.e., given to mistake red for brown, brown for greeiii 
purple for blue, and occasionally red for blai;k — is not less 
than 1 in 50. We may thus, according to our present 
knowledge, regard laio in every hundred of the commuiiitjf 
as seriously defective in their perception of color." 



Dr. Goubert estimates 1 in 25 color-blind. 
Dove, in his memoir of 1872, gives the following 
figures : Among 860 men, there were 40 color- 
blind, 4.65 per cent, or 1 in 21.5 ; among 611 
women, 5 color-blind, or 0.82 per cent, or 1 to 122, 
Among 1,016 scholars at the Lyons Lyceum, ha 
found 16 color-blind for red and green on a visit 
made in April, 1877. 

The last report of Dr. Favro, of the Lyons 
Mediterranean Railroad, gives the results of ex- 
aminations of railroad employes since 1855. It 
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ishows also how more careful testa discover a 
■greater proportion of color-blind persons. Dr. 
-Favre, up to 1855, had examined about 5,000 can- 
iflidates for railroad-work, and rejected more than 
■60 for being red-blind. He had not, unfortunately, 
'kept accurate records. From 1855 to 1864 he 
'noted 8 color-blind only, which number does not 
correspond with the number of men examined, 
From 1862 to 1872, among 1,196 persona, he re- 
ifused 14 color-blind who could not tell red. From 
May, 1873, to July, 1875, his examinations were 
more particular and exact; and he found, among 
1,050 persons seeking railroad employment, 98 
who made decided blunders, or hesitated: 10 were 
refused for being red-blind. His new series since 
1875 comprises 600 examinations: the results of 
these he has not yet sent me (January, 1879), 
728 men already in employment were examined in 
1872-73, More than one-third of these had been 
rpreviously tested for color, and the red-blind elim- 
inated. Of these 728, 42 either made mistakes or 
repeated hesitations. Among 224 conductors ex- 
amined by Dr. Favre and M. Git, 14 were found 
decidedly color-blind. In 1874 he found 4 color- 
blind among 75 ofBce-cIerks ; the same year, 24 
among 65 firemen at the Perrache gas-works. At 
the Ouillins works, among 148 workmen whom 
■he examined in August, 1877, 82 told the five 
ilementary colors without error or hesitation ; 56 
lither hesitated or made mistakes. May 7, 1877, 
among 155 students at the veterinary school at 
Lyons, Dr. Favre found 19 hesitate or make mia- 
akes. Examining, with Capt. BeUecour, 268 sub- 
iffieera and men of the Sixteenth line, he found 
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105 color-blind or eolor-defiuient. Among 138 
men of the Twenty-second, Twenty-third, and 
Ninety-ninth line, M, Paul Guillot found 37 color- 
blind. Lieut. Gallet of the Twenty-sixtli Artil- 
lery, in garrison at Mans, examined 116 young 
soldiers, and found 32 who hesitated or made mis- 
takes on a color-scale of 15 shades. Lieut. Lau- 
theaume found 40 color-blind among 132 men of 
the train of the Twenty -sixth Artillery. The 
average among this series of 654 young soldiers 
was 32.72 per cent. Dr. Mourand, among 200 
men of the Lyons station, found 7 color-blind. 
Dr. Favre says his colleague must have noted 
only the moat marked cases. 

Dr. Feris, in his pamphlet, and more recently in 
a communication to Dr. Favre, reports having ex- 
amined 775 officers and sailors, amongst whom he 
found 75 color-blind : 19 wholly confounded red 
and green. The average of this series is 10 in 100. 
Of all the adulta Dr. Favre examined, the average 
was 16.84 to 100. He says,— 

" The results will vary greatly, being dependeat on many 
circumstanceB aod peculiarities I shall hereafter notice ; but 
we may be assured, that in France the color-blind amouat 
to ten in one hundred of the adult males. . . . The study of 
color-blindneiis interests at least a tenth of our population 
(France). This very large proportion gives us the measure 
of the chances of error the color-blind run in the variooa 
industries where good color-peroeption is necessary or use- 
ful. It does not, of course, give us an exact idea of tJie 
chances of accident at sea and on railroads, on account of 
the accessory circumstanoes which aid the color-blind in his 
embamuwment ; but it shows us plainly how numerous tho 
chances are." 

Dr. Favre also reports the results he received 
from a friend in Algiers, who tested, with greab 
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^re, 693 persons, and found as follows: Among 
203 Kabyles, 5 eases of color-blindness ; in 95 Bis- 
fcris, 4 cases ; in 81 negroes, 1 case ; in 23 Jews, 1 
; in 15 Spaniards, none ; in 62 Italians, 1 case ; 

15 Mozabites, none ; in 12 Maltese, 1 case ; in 8 
Tunisians, none ; in 19 Europeans, 1 case, — in all, 
19 cases among 693 pei'sons examined, or 2.75 per 
cent. 

Dr. A. Lederer has lately found 63 color-blind 
persons amongst 1,312 men of the Austrian navy, 
er 4.8 per cent. 

Dr. Fontenoy found 31 color-blind out of 1,084 
lailroad employes of Denmark, or 2.87 per cent. 

Professor Donders of Utrecht, Holland, found, 
among 2,300 railroad employes, 152 color-blind. 

Dr. Stilling of Cassel, Germany, found, out of 
400 railroad employes, 6 per cent color-blind. 

Dr. Krohn, in Finland, found, among 1,200 rail- 
zoad employes, 60, or 5 per cent color-blind. These 
and other reports of railroads I shall return to 
hereafter. 

Professor Quaglino of Milan, Italy, writes me 
<Ang. 11, 1877),— 

It has been generally believed that coIoT-blindneaa is 
1 rare ia Italy than in Germany, England, or Franca; 
knit I much doubt this, as there has been little research 
among ub, and I think that a large amount will be found 
irere it carefully looked for." 

Dr. Daae of Kragero, Norway, found, amongst 
205 schoolboys, 4.88 per cent color-blind. 

Dr. Cohn found, among 2,429 schoolboys of 
Breslau, 95 or 4 per cent color-blind. 

Dr. Magnus found, among 3,273 Breslau school- 
boys, 3.5 per cent color-blind. 
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All these examinations were made by HoWl 
gren's method with the colored worsteds, to be de-l 
scribed later in this ■volume. The division into red| 
and green bhndneaa of the first thirty-five bimdred, 1 
I am not as sure of as that of those afterwards, I 
for reasons I have stated in ray last chapter. I J 
have followed Professor Holmgren, and my results 1 
correspond very nearly with his and those of f 
observers who have also been governed by hiaj 
directions. 

My work so far has been rather the collection of j 
statistics, and the dissemination of a knowledge 1 
of color-blindness, than a study of the defect itself^ 
except in individual eases. I am, therefore, merely 
presenting its frequency here, which can as well be 
determined from school-children, since a person J 
born color-blind dies so. 

My friend, Dr. Magnus of Ereslau, from tiis.l 
own and Professor Cohn's reports of their exami-r 
nations of the school-children above quoted, con-i 
eludes that color-blindness is more frequent as we I 
descend the social scale, and also more frequent.J 
amongst the Jews. As to this last I was unabl 
to decide whether the schoolboys were Jews or J 
not. In regard to the former, — viz., the greater.'! 
frequency among the lower classes, — I was sup^S 
prised to find this did not hold in our eommunityi 
of mixed races, nor did it among the schools wherel 
the race was more purely American. Parentage'^ 
I could not record; but, in a general way, I should. 
say the percentage woiild be as high or higher] 
among American-born children. My work 
satisfied me that we cannot draw safe deductaOQsl 
from a few thousand examinations, but must pa- 1 



ITS DAGGERS AND ITS DETECTION. 77 

itly wait till our lists contain enough to elimi- 
3 sources o£ error from inadequate data and, ao 
o speak, possible local causes. 

I have made no column of violet-yellow-blind- 
nesa, a3, besides some very doubtful, I can but 
report three cases ; and these I have allowed to be 
recorded under *' partially color-blind." These 
three cases I carefully examined again, and found 
that whilst the red-green perception was not, per- 
haps, perfect, — so that, on that account, they would 
propably have been classed among the "partially," 
— yet as to violet yellow they were wholly blind, as 
shown by HolmgrcD'a worsted test. In one case 
there was reduced color-perception for all three 
of the primary colors, — red, green, and violet. I 
10 doubt, that, to many of my color-blind, 
ihe spectrum would be more or less shortened at 
flie violet end. Many were too young to thus test, 
land that, moreover, was not the purpose of my 
irork at the time of examination. 

I should add here that I made no examination 
or record of the exact visual power for forai of the 
color-blind I found, as it is wholly uncalled for by 
this method of testing. They were teachers, stu- 
dents, or scholars at work with their eyes. Nei- 
ther did I have to regard whether they were nor- 
n^-eyed, old-sighted, near-sighted or over-sighted 
(presbyopic, myopic, or hypermetropic), since we 
need not correct errors of the refraction of the 
eye when thus searching for color-bHndness. 

I have not given the percentage of the thirty- 
one "other adults," as some came to me suspecting 
or knowing of their defect. There were, however, 
■.only three of these. The others were accidental 
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examinations amongst acquaintances or patien] 
and employes. I omit also the special percentage 
of the artrschool, 

The instructors and students of the colleges I 
have added together, to better eliminate sources of 
errors, as I did not examine all the students of any 
one of these institutions. 

In the statistical memoirs of the United Stat«s 
Sanitary Commission, published in 1869, are the 
only other examinations I know of made in this 
country. The method of testing — viz., holding up 
pieces of colored cloth, &c., and asking the names 
of the color — was, of course, very crude and uo- 
reliable. I, however, introduce the report here. 
The compiler, Dr. B. A. Gould, says, — 

" Serious misunderataadinga or calamities have been re- 
ported in the army, resulting fron^ mistafces in the color of 
green and red lights by officers of the signiil corpB, them- 
selves not fully aware of their failing in thia respect ; and, 
cases have occurred when ludicrous and even disastrous 
suits have followed the use of a badge of precisely 
■wrong color." 

Instructions were issued to test for color-blind- 
ness ; and, in the reports received, " the descrip- 
tions of the irregularities manifested in distinguish- 
ing colors are, in general, neither complete not 
adequate, owing propably to insufficiency of the 
instructions given." Among 8,831 white men, 
161 were found color-blind, equal to 0.02. Thia 
small ratio is, of course, duo to the crude method 
of examining, which would only detect the most 
marked cases of color-blindness. Dr. Gould 



" Notwithstanding the incompleteness of the descriptioiiB 
returned, and the consequcat inadequacy of the claasLfio*' 
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}□, the nell-kiiowii fact is distinctly mauifeet, that the 
oost usual form of color-blindiieRa is that which fails Ui dis- 
inguish between the green and red, ajid that the confusion 
I colors Bometimes embraces the other half of the spec- 
E trnm, and sometimes its entire range." 

The great variation in the ratio of coloivbliad 
persons, reported by different observers, is readily- 
explained by differences in the accuracy of the 
method of testing. 

In testing color-perception by the sun's spee- 
trum thrown on a white surface, the color-blind 
'observer will see the color he is deficient in over 
smaller surface. Dr. Edward Raihlmann, in 
Halle, reports the test of 70 people with the sun's 
spectrum. He found only 30 of them saw the 
red normally : the others varied in their red-pei> 
iptive power. He tested only 20 as to the violet 
id of the spectrum, and found remarkable sliort- 
of the visible portion for this end also. He 
loticed, besides, that, when the red end of the 
:trum was shortened, the violet was also re- 
luced, limiting the spectral row of colors on both 
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CHAPTER X. 



INEEBQUBNCY OF COLOE-BLENDNEaS TN FEMALES. 

In an article -written in December, 1877, on the 
dangers of color-blindaesa, and published in the 
Ninth Annual Report of the Masaachiisetta State 
Board of Health, I stated, — 

" It has been frequently said tim-t color-blindnesa was less 
common among females than males. This is proJmblg incor- 
rect, and duo to the fact that such a defect is of more im- 
portance with the female eex, aud therefore more carefully 
concealed, They have not been tested as males have; and 
moat likely future statistics, based on true methods of test- 
ing, will reverse the now quite general impression as to their 
having better color-perueption, and hence to be preferred, 
where admissible, as railroad employ da." 

My doubt was also based upon the fact that we 
then had no large number of reliable statiaties to 
prove the contrary, but more especially because 
methods of testing for color-blindness in females 
had been employed, calling upon the observed t» 
name colors shown, which females, from habit, 
could unquestionably do with greater facility than 
men ; and hence fewer appear deficient in color- 
perception. Professor Wilson, in his " Researches 
on Color-Blindnesa," says (p. 75), — 
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"I have no results to offer respecting the prevnlenee of 
color-bKndness among females. I have already stated my 
conriction that it is rarer among them than among males; 
bnt only an extended inquiry can show the amount of differ- 
ence in this respect between the aexea." 

In a note in his Appendix (p. 164), he adds, — 
" Since the text was written, I hare been informed of a 
few more cases of color-blindness among educated womeu 
in England. The general tendency, however, of my later 
inqciries, as of my earlier ones, ia to show that color-blind- 
nesB is very much rarer among women than men." 

Dr. A. Favre, in an article in the " Gazette 
Hebdomadaire," Oct. 12, 1877, says, — 

"We have tested very few adult females, from the diffi- 
culty of such examinations, but more especially because the 
majority of women readily acquire an exact notion of colorH, 
and ihey do not belong to the profeesions where color-blind- 
ness is dangerous: hence they do not interest us more ia an 
indnstrial than a medical point of view. Among 3!t6 girls 
of four schools (three in Lyons, one in Paris), we found 8 
children only who made serious mistakes; namely, 3.39 per 
cent. In the ' sallea d'asiles ' and the infant-schools the errors 
were as frequent among the little girls as boys." 

It must be remembered that Dr. Favre reported 
an enormous number of children of both sexes as 
color-blind; but he tested them by asking the 
names of the colors of objects held up before 
them. He fomid, as may be readily imagined, 
many of the youngest children of both sexes nna^ 
ble to answer correctly ; ■whilst, among the older 
children, the girls had naturally learned the names 
of colors better than the boys. This, I think, ia 
all that his teat proves, as I shall hereafter show. 

In 1860 Dr. Henri Dor of Eerne tested in Berlin 
611 women, using a method similar to that of Pro- 
feasoi Holmgren ; namely, the sorting of colored 



82 COLOE-BLINDNESS : 

worsteds, witli the result o£ finding only 5 — or 
0.82 per cent, or 1 in 122 — color-blind. This 
method does not call upon the examined to name 
a color; and the eye alone, not memory, guides 
the hand. Its value is shown by the results it 
gave. Perhaps these investigations of Dor should 
have prevented my doubting the less frequent 
occurrence of color-blindness in women than men. 
They seemed, however, to stand somewhat alone, 
and not aufSciently extended. 

Professor Holmgren, in his recent work on color- 
blindness, touches on this point; and, as his expe- 
rience renders wliat he says of special value, I 
quote hia remarks : — 

" In drawing concluBiona from the statiatica of the exam- 
ination of woniea hitherto made, we must first of all ascer- 
tain if the method of testing was such that the previoua 
occupation of the esumiaed had not affected the results 
obtained. For if the method vins baaed on the principle of 
asking the names of the colors of objects exhibited, &nd the 
chromatic aenae of the peraon examined judged by the reply, 
then it is very evident that the proportion of color-bliud will 
appear less with women than men. Admitting that color- 
blindness ia leas common in women tlian men, we are by no 
means justified in attributing this to tlieir greater familiarity 
or exerciae with colors. U exercise can have any such influ- 
ence, it cannot, aa we have seen, cure the individual, but 
rather affect the offspring, as employment inaenaibly affects 
future generationa. The laws of heredity are too little 
known to allow ua to indicate, or even conjecture, how thia 
takes place ; but we do know with certainty that good qnali- 
tiea as well as defects are transmitted, and amongst the 
latter we may include color-blindness. We believe, more- 
over, that the exercise of a sense may favorably affect 
heredity, although it is difficult for us to prove this." 

At the present moment observers in Europe are 
testing this question of the relative eolor-blindnesB 
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of the two sexes. Their results, where Professor 
Holmgren's method has been employed, are of 
great value. A number of reports of this character 
have come to my hand. Dr. E, Haoseu of Copen- 
hagen found none color-blind among 50 female 
railroad emjloy<53. Dr. A. Daae of Kragero, Nor- 
way, also used Holmgren's method witli the wor- 
steds in examining 413 school-children of both 
sexes, from nine to fifteen years of age. Amongst 
208 girls he found none color-blind, and only 5 with 
imperfect color-pereeption. He says. — 

"The better color-peroeiition of the girls than the boya 
was very marked. Is this because the girls have personally 
more exercise with colors than the boys? If this is the 
case, then we must assume that even very considerable de- 
grees of ijolor-blindness may be relieved by many years' 
exercise. This is, however, not probable. It is more prob- 
able that the better color-perception which the female sex 
has acquired and developed by many generations of handling 
colored objects is essentially sexual, or only inherited by 
the female descendants." 

Since February, 1878, when I published an arti- 
cle on the incurability of congenital color-blind- 
ness, my experience with intelligent and educated 
persona thus afflicted has fully substantiated what I 
then said; namely, that it has not been and cannot 
be cured by exercise with colors. The color-blind 
reported to me their futile attempts to do this, as 
others, for instance, reported to Professor Wilson 
years ago, and to Professor Holmgren more re- 
cently. Greater familiarity with, and more con- 
stant use of, colors on the part of females, Bcems 
at first sight to explain their somewhat extraor- 
dinary exemption from color-blindness as compared 
with males. This does not, however, affect the 
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indiviilual. Whether the individual is influenced 
through gciierationa of female ancestors exercised 
with coiora, I must for the present leave with Mr. 
Darwin, Mr. Wallace, and Mr. Grant Allen to 
discnss. The transmission of the defect in the 
male line alone is very frequent. But there are 
cases of even the reverse on record. Dr. Pliny 
Earle reported, out of 61 relatives, — 32 males and 
29 females, — 20 cases of color-blindness, two of 
these beinff females. Again I would recall Cimier's 
case of a lady who was color-blind. Her mother 
and two sisters were the same. Her brother was 
free from the defect. The lady had six children, 
— one son not color-blind, and five daughters 
affected like herself. The oldest daughter had 
four children, — two of them girls, color-blind. 
The second daughter had a boy and girl, the latter 
color-blind. The fourth daughter, unmarried. The 
fifth left a boy myopic, but not color-blind. We 
thus have the remarkable instance of color-blind- 
ness appearing only in the females of a family for 
four generations. Heredity has here apparently 
acted without reference to, or directly agdnst, the 
accumulated effects of 'generations of exercise with 
colors. It is certainly a very curious fact, that, if 
generations of exercise with colors is gradually 
eliminating color-blindness from females, this 
should not have checked its transmission through 
females exclusively for four generations. 

But to return again to the reports I have 
received from European gentlemen : Dr. Cohn 
found among 1,061 Breslau schoolgirls none color- 
blind. Dr. Magnus, in Breslau, found but 1 coloi- 
blind girl among 2,216. 
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Professor Holmgren reports from Sweden having 
found, among 7,119 females of all ages, 19, or 0.26 
per cent, color-blind. 

Dr. Minder, in Berne, reports, among 846 girls 
and women, having found 11 color-blind, or the 
very large per cent of 1.3, 
I To recapitulate from a number of observers, — 
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My want of success in finding more color-blind 
females would have at first rendered me doubtful 
of my testing ; but that Was not the case when I 
commenced with females. I have often thought 
that I had found a case ; but was quickly con- 
id, as were the bystanders, that it would not 
.Btand the test, and was but the result of nervous- 
ness, carelessness, or stupidity. Females work so 
:apidly in sorting the worsteds, that the examiner 
win notice immediately the slightest hesitation or 
mistake, as do also those who are waiting their 
turn. The excessive ratio reported by Dr. Minder 
of Berne, I cannot but tliink, may be due to a lack 
of practical familiarity with the use of Professor 
Holmgren's test with females. He admits that, in 
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eases he thought most perfect, the girl was subse- 
quently proved to have been picking out only the 
" most brilliant colorB." This I have seen often 
enough among school girls as well as boys. As I 
have elsewhere said, it is most curious how care- 
lessness and stupidity will at first simulate color- 
blindness; and if wo do not push on with the 
test long enough, and be on oiu- guard, we may 
quite readily mark, as at least partially color-blind, 
females who are really not deficient in chromatic 
sense. Besides those in my records, I know of two 
or three color-blind females, and of two families 
who have color-blind female members. A natural 
delicacy and sensitiveness render research often 
difficult or impossible. In time this peculiarity 
of vision will be found too common to be regarded 
as a defect, much as near-sightedness now is ; and 
then investigations of heredity will be more easily 
carried out. At present it is hardly understood 
and appreciated even amongst physicians, much 
less amongst the laity, though interested per- 
sonally. 
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The following table gives my own results with 
adults and Bchoolgirls : — 
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CHAPTER XL 

CONCEALMENT OP COLOK-BLINDNE88 IN PRACTI- 
CAL LIFE. 

Such statistics as I have given as to the fre- 
quency of eolor-bUndneas may, perhaps, fairly chal- 
lenge criticism, and it be asked. If this ia the 
truth, how is it that such a chromatic defect is 
generally unknown or concealed? Sir J. F. W. 
Hersehel, in 1859, when commenting on Mr. Pole's 
description of his own color-blindness, remarked, — 

" I may be, perhaps, allowed to add a few norda as to the 
BtifttisticB of thia subject. Dr. Wilson gives it as the result 
of his inquiries, that one person in every eighteen is color. 
blind in some marked degree, and that one in fifty-five eoa- 
foundg red witli green. Were the average any thing like 
this, it seems inconceivable that the phenomenon of coloN 
blindness should not be oue of vulgar notoriety, or that it 
shonld strike almost all uneducated persons, when told of 
it, as something approaching to absurdity. Nor can I think 
that in military operations (as, for instance, in tlio placing of 
men as sentinels at outposts} the existence, on an average, 
of one soldier in every fitty-flve unable to distinguish a 
scarlet coat from green grass, would not issue in grave in- 
convenience, and ere this have forced itself into prominenoe 
by producing mischief. Among the circle of my own pet^ 
Bonal acquaintance, I have only known two, though, of 
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course, I have heard of, and been placed in correspondenoe 
with, several ; and a neighbor of mine, who takea great 
deliglit iu horticulture, and has a superb collection of exotic 
flowera, informs me, that, among ttie multitude of persona 
who have seen and admired it, he does not recollect having 
met with one who appeared incapable of appreciating the 
variety and richness of the tints, or insensible to the bril- 
liancy of the numerous shades of red and scarlet. It ma; 
be, however, that the percentage is on the increase. Cer- 
tainly we hear of more cases than formerly ; but this proba- 
bly arises from the fact of this, like many other subjects, 
being made mora generally matter of conversation." 

I introduce these remarka, as they very well 
illustrate the general position of scientific men — 
aside, of course, from physiologists — in reference 
to color-blindness. This has continued pretty 
much the same till within the last three years; 
when methods of testing have been used, so simple, 
so rapid, and so convincing, as to enable us to 
gather reliable statistics on a very large scale, and 
detect and expose the color-blind against their own 
belief aa well as that of others. 

It must, however, be shown how the color-blind 
have heretofore, and do now, escape detection in 
the every-day walks of life. This will, at the 
Bame time, give us a clearer idea of the peculiari- 
ties of this chromatic defect, and clear up some of 
its seeming mysteries. In the first place, I must 
call especial attention to the very great ignorance 
of the common names of colors among the normal- 
eyed below the well-educated class in the commu- 
nity, and the very general misuse of the names of 
colors known or remembered. This I have seen 
to such an extent in the thousands of school-chil- 
dren I have tested, as to excite the wonder and 
even incredulity of the teachers watching my 
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work. Repeatedly an instructor hag wanted to 
mark a boy color-blind becanse he ao utterly 
failed in designating colors, or even using their 
names, when my test proved conclusively that he 
had normal chromatic perception. It convinced 
those interested of the great necessity of teaching 
colors and their names in the primary schools, as 
part of educational work. Now, the color-blind 
simulate just this sort of ignorance in every-day 
life, and hence are concealed, or escape detection, 
through the want of education of the normal-eyed. 

There la no greater subject of dispute than the 
question of color. Hardly any two people will 
agree as to names of certain given colors. This is 
often a source of amazement and amusement to 
the color-blind, who naturally think, that, if there 
is such doubt as to colors and names, their own 
doubts and mistakes arise from the same cause. 
Many persona have been indignant with me for 
marking them as deficient in color-perception, so 
assured were they that they lacked only names, and 
this even when a most amusing and convincing 
proof of their defect was before the bystanders. 
Dalton long ago spoke of this. He says, when 
speaking of three of his pupils, whom he found 
like himself, "They, like all the rest of ua color- 
blind, were not aware of their actually seeing 
colors different from other people, but imagined 
there was great perplexity in the names ascribed 
to particular colors." 

Mr. Prior, in "Nature," Dec. 12, 1878, says, aa 
to the general inaccuracy of the names of colors, 
and the unfixed character of language, "I toot 
to a flower-show at Taunton a dahlia of a rather 
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common Tariety, and such as most gardeners 
would call purple, — a dark pink, with a shade 
of blue over it, — and requested forty-four differ- 
ent people to write me down what they would call 
its color. In their replies I got fourteen different 
names for it. I sent a flower of the same kind to 
a lady, who returned me twelve replies from mem- 
bers of her family and friends, and in the twelve 
were eight different names." I would here refer 
to the very interesting chapter on the growth of 
the color vocabulary in Mr. Grant Allen's book, 
"The Color-Senae." 

I cannot do better than give also the statements 
of another highly-educated color-blind, from whom 
I have before quoted (Mr. William Pole), who 
Bays, — 

" The oolor-blind mast be very liable to associate, almost 
indiBsolubly, the true normal name of a color with the 
senaatioQ it conveys to tlitiir minds, whatever that sensation 
may be; and they may, therefore, easily be led to apeak of 
that color aa if they saw it like other people, although the 
■ensation they refer to may be really of quite a different 
nature to that which the name impliea. A color-blind per- 
son will be especially ioth to believe that certain colore, 
which he hears about and talks about every hour of the day, 
can be invisible to him. Objects of these hues will probably 
present to his mind some ideas of color (though not the true 
ones), and he may naturally imagine, therefore, that he does 
lee them, and may give his description accordingly. And 
this sort of error is very much enhanced by the fact that it 
is not an easy matter to refer different lonei of any one color 
to tlie same color-Henaation ; so that a modification of tone, 
if considerable, may be easily supposed to be a different 
color. I believe this difficulty is also felt by the normal- 
eyed; and the popular Domenclatiire of colors furiiislies 
illustrations of the fact, different tones of the same color 
baring often different names, and being treated as separata 
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colors. Pink and crimson, lilac and violrt, are well-acknowt- 
edged examples of tliia ; and a dark shade of orange ia called 
brown, which generally passes for a separate color. Hence 
we ma; easily see what a great probability there is that the 
color-blind may acquire the habit of attaching the Dames of 
difierent colors to what are, in reality, only varieties of the 
same sensation ; and as this habit dates from their infancy, 
and is encouraged by their every-day communication wiUi 
the world, it is mnch more difficult to get rid of than might 
be supposed. The sufferer may find himself continaany 
blundering; but he must go through a very rigid self- 
examination before he can trace this to the fact that some 
of the principal ideas he has all his life held upon color 
are mere delusions. Taking red aa an example, it is in the 
highest degree natural that persons who are continually 
seeing this color under the appearance of dark yellow 
should imagine that the latter sensation (which is ceiv 
tainly very distinct from that of full yellow) is what cor- 
responds to the term red; and the notion that they cannot 
really see red at all is one they have the greatest difficult 
in comprehending. Hence the very general assertion by the 
color-blind that they do see red, — an assertion which I 
think has been far more readily accepted than it oaght 
to be. Red ia a more common color than dark yellow ; and 
hence the preference, by the color-blind, of the former naiDe 
for the common sensation. A great variety of bodies an 
known to be red by habit and associatiDn, and are for this 
reason often named correctly. My own experience ia very 
decided on this point. It is only after long and carefiU 
investigation I have come to the concluaion that my sensa- 
tions of color are limited to blue and yellow. But, before I 
found this out, — that is, for nearly thirty years of my lif^ 
— I firmly believed that what I now know to ba only differ- 
encea in tone of one or the other of these were different 
colors ; and hence I was in the habit of talking of red, c 
son, scarlet, green, brown, purple, pink, orange, 6tc,, — not, of 
course, with the confidence of the normal-eyed, but sllll 
with a full belief that I ma them. U, therefore, at thmt 
time, any scientific man had examined me, 1 should hsTO 
given him a description of my cose, which I now, after more 
careful study, know would hare been entirely wrong. I 
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should haye told him, among other incorrect statementa, 
that I saw red objects of a full tone, such as vermilioD, 
soldiers' coats, &o., perfectly well ; aad I could, if ueceaaarj, 
have supported my assertion by naming correctly a great 
variety of bodies having this color, which, indeed, I am in 
the habit of doing every day. It would have been inferred, 
with great appearance of truth, tliat I was really impressible 
with the red sensation ; but I now see what tut erroneous 
inference this would have been. 

" Another source of confusion in interpreting the descrip- 
tiODS of the color-blind is the want of due appreciation of 
the different sensations that may be produced on their minds 
by modified hues of the same general color. The normal- 
eyed person considers green, for example, aa always green, 
whether it be yellow green, neutral green, or blue green. 
Whatever the particular 'shade of green,' as it is called, it 
still has, in his eye, the distinguishing character of green- 
ness, which cannot be hidden or disguised by any predomi- 
nance of blue or yellow it may contain. But with the color- 
blind this identifying characteristic of greenness is wanting; 
and hence several patients, speaking of green, may, by each 
having reference in his own mind to some different hue of 
the color, describe it in the most contradictory terms. One 
may say, with perfect sincerity, that green appears to him 
like red; another, that it looks yellow; athird,blue; afourth, 
black; a fifth.orange; a sixth, violet, — from which tJie nor- 
mal-eyed examiner, impressed with the unity of greenness, 
may naturally infer that each person is suffering under a dif- 
ferent species of the disorder; while, by proper interpreta- 
tion, these anomalous descriptions would only convey the 
espression of one consistent truth, and one perfectly uni- 
form defect of vision." 

This very clear and admirable deaeripdon of a 
color-blind'a perception not only shows ua how and 
what they see, but it also explains some of the 
Tery many ways in which they escape detection. 
If BO intelligent a person as Mr. Pole could have 
been so long ignorant of hia own perception, we 
need not wonder that the uneducated color-blind 
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should not be aware of their defect even in adaltl 
life, and etil! lesa that their defect remains con- 
cealed- 
Let us tarn now to Professor Holmgren's valu- 
able remarks on this point. He says, — 

" We muat remember that color-blindness is not a digtaie, 
in the Hense of being attended with suffering, obliging the 
individual to have recourse to aphTBician. Color-blindness, 
quite as well as normal sight, is a sense of color, though of 
another and a more simple nature. He whom we call oolor- 
blind is not, correctly speaking, at all blind to colors. He 
perceives, in the main, the same kind of light as the normal 
observer, but sees a part of it in another manner. In the 
intern according to which be arranges his colors, be haa 
fewer kinds than the normal observer; and this is why he is 
obliged to classify under the same denomination a portion of 
the colors classed by the normal observer under different 
heads. It results from this that he finds resemblances b&. , 
tneen colors, or confuses others, that the normal observer | 
finds different; for instance, red and green. These oon- 
fusiouB naturally surprise and amuse the normal obserrer, ' 
who readily imagines that it arises from very great ignoraooa 
of colors, or from defective training. He ordinarily sup- 
posea that there is no limit to the mistakes the color-blind 
might make in this respect. But such is not the case : '. 
obeys laws quite as exact as does the normal olraerver. 
color-blind person can no more accustom himself to aoang ] 
colors as the normal observer does, than the red-blind can j 
see colors in tbe same way that the green-blind does, or | 
conversely. 

" Tbia theory, which is based upon experience, expluns 1 
to us how the color-blind see colors; but, if we only base I 
our ideas on the names given to colors by the color-blind, wa 1 
can be easily deceived. To judge correctly of color-blind- I 
iiess, and the various practical questions connected with it, it ■ 
is of tJie highest importance to distinctly observe the differ- 
ence between the manner in which the color-blind person juei, 
and tlie manuer in which he naiaea, colors. The sensation is 
bused upon the nature of the sense of color in the orgonixa- 
tjon of the optic nerve from birth. The noTne, on 
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trary, is learned. It ia conventional: it depends npon 
exercise and habit. The names of colors are naturally the 
objective expresaion of subjective Benaations ; but, on the 
other hand, they are regulated by the system of normal 
ai^t, and cannot, consequently, agree with that of the color- 
blind. They can, nevertheless, be learned by the latter, and 
even applied correctly in many eases. There is connected 
with this fact a peculiarity of the utmost importance prac- 
tically to the question in point, and one that has given rise 
to the most Berioua embarrassments and mis understandings. 
This has been and is still one of the chief causes of our 
erroneous ideas on the subject of color-blindness existing in 
the masses, because it is the veil under which this defect 
usually conceals itself from our obserTation in every-day 
life, and wider which, even to the last moment, it will suo- 
ceed in escaping discovery in cases where, as frequently 
happens, the methods of exploration employed are iudecisive, 
or are based upon erroneous principles. 

"If ne reflect on the condition of tho color-blind, it is 
difficnit to understand how he can avoid being detected in 
his daily intercourse with men endowed with normal sight. 
And yet experience has sufficiently controverted this idea. 
That which we have acquired in examining en masse the 
permnnel of a railway, for example, where it ia required 
night and day to give attention to colored signals, is singu- 
larly worthy of notice. We learn by it that a number of 
color-blind were discovered, although their defective sense 
of color had never been sospeoted by themselves or any one 
else, and the majority had correctly performed their duties." 

Very few of us wlio have good color-perception 
are aware how wholly the name of a color becomes 
the name of an attribute of any special object, and 
hence how this name may be misplaced. It seems 
hardly possible that, notwithstanding a good color- 
perception, the names of color are so much a matter 
«f learning and memory. As Professor Holmgren 
Bays, — 

This especially applies to the color-blind, who seek in 
every way, and without themselves being aware of it, to 
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supplement the chromatic sense nature has refused them. 
Aa color is an immutable quality of a number of object^ 
some of which are of one, some of another color, it is not 
very difficult to learn by heart the namee of their colors. 
The immediate impression ia not necessary for this, 
may hear ft blind person, even one bom so, give the exact 
names of the colors of ordinary and well-known objecte of 
which he has heard. For a color-blind person this is easier, 
because he obtains some help from his incomplete chromatdo 

To practically test this, I thought of examining 
some young blind people before whom the subject 
had not been discuaaed, and who would answer to 
the best of their knowledge and ability. The fol- 
lowing table contains the results obtained in seven 
such cases. The last, the eighth, a boy of fifteen, 
waa not wholly blind to color ; and it will be seen 
how different his answers were. He waa prao 
tically as blind as the other seven as to form, &o. 
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of the intensity of the light. One color is, perhaps, paler 
than the other. From the time this ia noticed, thej become 
Tery timid in discriminating colors. The; accustom them- 
selves to find a difference of color in the difiereuce of the 
intensity of light, the luminosity, and lead others as well as 
themselves into the error of supposing that tbey see the ex- 
ternal world like other people, and that their uBcert^uty is 
wholly due to want of practice. We find, in fact, in the 
color-blind a very practiBed and sharp eye for Tariationa of 
intensity of light. They often have acute vision, and can 
see well at a distance. Tbe first color-blind known to ed- 
ence, Harris, observed this of himself ; and it has been sap- 
ported by nearly all observers since. There are, moreover, 
very few color-blind so interested as Dalton to study theii 
own case, and detect thoir fault." 

As we have seen, Mr. Pole is the only one since 
Dalton's time who has studied and reported his 
own chromatic defect. 

I have now shown how the color-blind deceive 
themselves and others, and, growing up in igno- 
rance of their defect, escape detection. To this 
must be added the very important fact, that, till 
very recently, methods of testing for color-blind- 
ness have been used which were wholly inade- 
quate to expose particidarly the lighter forma of 
the trouble. It must be remembered that red or 
green or violet blindness may exist in any degree 
from the most complete to almost nonnal vision. 
Formerly, if a color-blind gave the right color- 
names to objects, he was regarded as normal-eyed ; 
and tins has been continued notwithstanding the 
repeated warnings of Seebeck, Huhuboltz, Holm- 
gren, and others. Thus many have escaped detec- 
tion ; whilst, on the other tiand, the normal-eyed's 
ignorance of names has been set down to color- 
blindness, giving us, as in France, most extraordi- 
nary percentage. 
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But we now know that about one male in five 
and twenty is color-blind. It is impossible for all 
to Lave grown up ignorant of their defect. How, 
therefore, has this class, who are aware of their 
color-blindness, escaped detection in every-day life? 

The color-blind, who are quick-witted enough to 
discover early that something is wrong with their 
vision by the smiles of their listeners when they 
mention this or that object by color, are equally 
quick-witted in avoiding so doing. They have 
found that there are names of certain atUibutea 
they cannot comprehend, and hence must let alone. 
They learn, also, what we forget, tliat so many 
objects of every-day life always have the same 
color, as red tUes or bricks, and the color-names of 
these they use with freedom ; whilst they often, 
even unconsciously, are cautious not to name the 
color of a new object till they have heard it ap- 
plied, after which it is a mere matter of memory 
stimulated by a consciousness of defect. I have 
often recalled to the color-blind their own acts and 
words, and surprised them by an exposure of the 
mental jugglery they employed to escape detec- 
tion, of which they were almost unaware, so much 
had it become a matter of habit. Another impor- 
tant point is, that, as violet-bHndness is very rare, 
the vast majority of defective are red or green 
blind. These persons see violet and yellow as the 
normal-eyed, and they naturally apply these color- 
names correctly. When, therefore, they fail in red 
or green, a casual observer attributes it to simple 
carelessness, — hence a very ready avoidance of 
detection. It does not seem possible that any one 
who sees BO much correctly, and whose ideas of 
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color so correspond witt our own, cannot be 
equally correct throughout, if they will but take 
the pains to notice and learn. Color-blindness is 
also a constant source of petty mortification, which 
teaches its possessor to be on constant guard over 
himself in avoiding exposure and its accompany- 
ing irritation. The intelligent color-blind finds 
many ways of drawing a decision of color from 
those he is in contact with, and always lets shop* 
keepers pick out the colors he calls for, just as the 
color-blind shopkeeper lets his customer do the 
same if he can ; and when he fails in this, and 
makes mistakes enough to lose his place, he can 
take refuge in the mourning stores, where his 
defect is an advantage. 

This brings us again to their extraordinary ap- 
preciation of light and shade. They can sort and 
place in correct order a series of shades of red or 
green much better and more quickly than the 
normal-eyed, because to them the color is but bo 
much light and dark. Now, an educated color- 
blind is asked by a lady friend to buy a skein of 
red worsted to match the pattern. He asks the 
attendant in the store for red worsteds, and se- 
lects the one which corresponds in luminosity with 
his pattern. Such good " shopping " forbids the 
idea of any chromatic defect. But the worsted 
attendant is away, and another, who is color-blind, 
quietly hands over the greens to the purchaser: 
the latter wiU then complacently select the one 
which matches in luminosity his red pattern. If 
he is green-blind, he will select a lighter green — 
if red-blind, a darker — than his pattern. In either 
case his defect is exposed; and, in fact, it 
often " 
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This sensitiveness to light and shade has enabled 
'' eolor-blind painters to follow their profession with 
Bucceaa, and even avoid discovery, until accident or 
design has interchanged, for instance, their reds 
and greens. A color-blind engraver has an advan- 
tage over his fellow-workmen. It seema hardly 
possible that a eolor-blind person should have the 
ideas and thoughts, and power of expressing these, 
which are derived wholly from the perception of, 
and acquaintance with, colors. Hence I quote the 
following as a peculiar instance of concealment of 
color-blindness, where it would seem that it must 
show itself. Of a member of a weU-kaown color- 
blind family, the reporter says, — 

" Another of the gentlemen ■whoae case of defective per- 
ception of colors is herein noticed, ia generally acknowledged 
' as one oi the first and greatest of American poets now liv- 
I ing. He also is unable to distinguish one taae from another ; 
yet his poetry ia cot deficient in the requisites of perfect ca- 
dence, harmony, and rhythm. In regard to color, his defect 
is Buch as is described in the 'worst degree' of the arrange- 
ment of Dr. Hays. He says, that, previous to the time at 
which he ascertained this peculiarity of vision, be always 
wondered that people should talk of ' glorious sunsets ' and 
'beantifnl sunsets,' inasmuch as he could detect neither 
'glory' nor 'beauty ' in them. The kaleidoscope of nature 
and ^a harmonicoo of art are the Utopias of his mind. 
The magic hues developed by the prism, the iridescence of 
shells and mlDerals, the inimitable colors of the beasts and 
birds of tropica! climates, the verdure of the fields of spring, 
the splendor of the autumnal foliage of the forest^, the 
myriad hues of flowers, and the realm of beauty which 
springs, as sprang Minerva from the brain of Jupiter, from 
the genius of the artist, — ^all those, it would appear, are, 
comparatively, ' as a sealed book ' to him. Yet from kis icrit- 
Wffs no evidence of this can be detected. The poet throws his 
gossamer veil of ideality before the visiou of the man, con- 
verting a sombre world into a paradise like that of the Per- 



106 COLOR-BLTKDNESS : 

sia.li. Seated on the borders of Helicon, be looks abroad 
npon a uniTerae traDsformed bj imaginatiaa and glowing 
■with all the colors of a phantasmagoria. The iris of heaven 
lifts its expansive arch in hues as varied and as vivid as 
when first placed there ' to establish a covenant ' between 
God and man ; the sun deaceads, now invested with the ■ 
mellow tints of the nkiea of Italy, and now Burrounded by 
clouds emblazoned like those which attend its setting in 
America alone ; fields are clad with a carpet of emerald, 
and flowers blossom with all the dit-ersil^ of coloring that 
ever decked them in the gardens of the East ; birds spread 
to the wind pinions as gorgeous as those that wave over the 
Amazon or the Ganges ; and the mineral world glitters with 
the concentrated beauty of amethyst, topaz, beryl, and all 
the precious stones adoniing the foundations of the w^ 
of the New Jerusalem which was revealed unto the apostle ! 
at Patmos." I 

As the color of most of our common berries and 
fruits, wlien ripe, is the complementary of that of 
the greon foliage, the inability to see and collect 
them is a very frequent source of the exposure of 
the color-blind both to themselves and their sui- 
roundinga in early life. It is therefore a wonder 
how a person can grow up, and not be found out, 
much less not find themselves out. 1 

Professor Wilson, in his boot, says of a chemiBt I 
aged twenty-eight, green-blind, — 

" He worked five months in my laboratory; and some 
time elapsed before I discovered his color-blindness, which 
he was not ready to acknowledge, and could to a great e«- 
tent conceal by his sagacity in observing those properties 
of bodies which are not affected by color. He unoonsoioosly 
betrayed an effort to supplement his defective vision of 
colors by all secondary aids. If colored papers were shown 
him, he fijied upon any difEerence in shape, smoothness, or 
configuration which they presented, and, when they were 
shown him again, recognized tbem by difierences which 
would have escaped most other eyes. He would frequently. 



I 

I 

I 



ITS Dj^UJQEB8 and its DETECTION. 107 

accordingly, have appeared to a stranger to recognize colors, 
when in reality he was only recalling form, or condition of 
enrface, of the colored hody." 

I was lately called upon to teat some employes 
in a large printing-house, and found two, among 
the seventeen presented to me, color-blind. The 
aatonishment of their fellow-workmen was very 
great ; and they would not believe one of the men 
could be defective, since hia employment was cut- 
ting up colored cardboard and paper. They car- 
Tied bim to his post, aud asked bim to pick out 
the colors, which he did, as they were always kept 
in certain positions on the shelves. The members 
of the firm, however, were convinced by the ex- 
amination, and quickly realized the risk of loss of 
material and time from the man's defect, Intherto 
unsuspected. 

An interesting instance of what constant prac- 
tice will do in helping a color-blind to avoid mis- 
take and detection is given by Dr. Minder, who 
Bays, — 

"On this point (of poeaible alleviation or cure) a deacrip- 
tion of three cases of color-blindnesa in a Jewish family of 
Beme will be of value. Thej are brothers, the youngest 
already over fifty years of age. They are all feebly red- 
blind, and happen to be in business which requires daily 
intercourse with colors. They all make the same mistakes 
when tested with the worked-worsted tables. I could un- 
fortimately only persuade one to he more thoroughly tested. 
To my surprise I only detected him by Holmgren's test 
after repeated trials, and that by his matching bright-blue 
and rose color. lie is a very intelligent gentleman, whoee 
buaineaa has required him for more Uiau thirty years to bo 
daily busied with colors, with which, according to hia own 
and his wife's report, ho formerly made constant mistakes. 
These have, in the course of years, occurred less and leas 
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Ireqnently. lie was even very highly valued for his fine 
appreciation of colors, and taste in their selection, by a Paris 
ribbon-factory with wliicU be was connected. He attends 
alone to all the buying for his large busiuefls, and is only 
liable to mistake with dark green and black, rose and light 
blue. According to his stateniGnt, he ooald not, in early 
years, be certain of violet and green. 1 was perfectly 
astonished at his power of diBtingaisbing the varioaa colors, 
and the number of names he had at disposal for Ibe finest 
shades. I was equally surprised at his so accurate compari- 
son of the several colors with each other. To this he 
attributed bis so greatly cultivated color-perception. He 
laughed, therefore, at Holmgren's method of comparison, 
by which he was, he thought, not to be caught ; and, in fact, 
this could only be done witb difficulty. The results of 
other methods were negative, except with the polariscope, 
where he always stopped at rose and bright blue, which, he 
declared, were alike, and sometimes called them both ri 
and sometimes bright blue." 

This case led Dr. Minder — as it would also 
likely lead others — to suppose that there was a 
basia for Dr. Favre's belief in the curability of 
color-bUndjiess hy exercise and practice with col- 
ore ; but DO oue can have tested and talked with 
many color-blind without being convinced that w6 
can hardly set any limit to their capacity for learn- 
ing other attributes of colored objects, and recog- 
niziug and remembering their color-names through 
this alone. Thus, as we now well know, they 
may even deceive themselves, as well as others, 
into tlie belief that they have gained by practice 
a color-perception they were not born with. This 
we shall see in Professor Delbceufa supposed cor- 
rection of color-blindness by looking through cer- 
tain transparent media. 

A brother-practitioner, who is color-blind, and 
whom I was testing by Holmgren's method, aft«r 
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utting some time with the one hundred and fifty 
little skeins o£ worsted before him, finally said, " I 
have tried so hard to supplement my defect by 
every possible means, and catch other attributes 
than color to recall the names of them, that, if you 
win give me two or three days to study over these 
worsteds, and tell me what their colors are, I will 
afterwards pick them all out correctly; but I shall 
see them no differently." 

My friend. Dr. Henry Power, writes me from 
liOndoQ, June 1, 1878, — 

" Color-blindnesa ia a subject of great public concern. 
Ae showing also ita private relation, I may mention an 
interesting case that came under my care lately, in which 
the man was a draper, who had long, by great ingenuity, 
conducted a business on his own account; always getting 
an assistant to bring down the particular bundle of color 
demanded by the customer, and then selecting the particu- 
lar tint by its sliado. He was now going info a, much laiger 
business, and waited to know if liis disease could be cored, 
or whether his future partners should be told of hia defect. 
A "no " and a " yes " settled these points, and I have heard 
no more of him; but it was curious, that, in the course of 
twenty-five years, he had never been found out." 

I was recently told of the following : Some five 
and twenty years ago, before color-blindness was 
Bo well known or talked of, a student of the Koyal 
Academy in London — who was selected, not only 
by the authorities, but also by his fellowistu dents, 
as having about the best perception for form, and 
power of light and shade — turned to the use of 
colors. In this it was naturally supposed he would 
exhibit extraordinary talent, and become a great 
painter. Ho waa allowed to take a portrait by 
Titian from the National Gallery, and have it in a 
Bmall room to himself. There he copied it to his 
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best ability, as he stated to the principal and his 
brother-students. No one had seen him at work. 
His result was the most perfect copy as £ar as 
light and shade went, but in pea-green. He finally 
became an engrayer. 
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CHAPTER Xn. 

INCXIRABILITY OP CONGENITAL OOLOE-BLCflDNESS. 

The question of the curability of congenital 
color-blindne^ is one of considerable importance ; 
for certainly the color-blind railroad employ^ or 
pilot should not be dismiased from service if he 
can be cured of his defect. 

It has been till lately universally admitted by 
ophthalmic surgeons and physiologists that con- 
genital color-blindness was incurable by any known 
means. In August, 1874, Dr. A. Favre of Lyons, 
France, reported to the French Congress for the 
Advancement of Science, at Lille, some observa- 
tions, which seemed to him to prove that congenital 
colot-blindness was curable both in children and 
adults by exercising the chromatic sense. Dr. 
Favre has for the last twenty years or more, as 
consulting surgeon of the Paris, Lyons, and Mediter- 
ranean Railroad Company, pressed the necessity 
of examining all railroad employes for color-blind- 
nesB, led so to do principally by the results of 
Wilson and Potton. He has succeeded in indu- 
cing other roads to adopt similar precautions, and 
deserves great credit for his exertions. It is 
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therefore due Tiim to look carefully at his atate- 
ments, i«, if correct, they are of the utmost im- 
portance. 

lie reports the results in eleven different schools 
of the examination of 1,002 boys between the 
ages of four and fifteen. These their teachers 
tested by asking them to name the color of objects 
exhibited of five principal colors. The teachers 
reported to Dr. Favre that they found at leaat 
21S defective in chromatic sense, and that almost 
all were perfectly cured by being repeatedly shown 
objects, and told the names of their colors (i7/ theg 
were lear/ied. Amongst 138 girls, from seven to 
fourteen years of age, Dr. Favre himself found 
only 2 whom he regarded as color-blind. These 
girls, he remarks, were under excellent teachers, 
and a large number had passed through the Ballet 
d'agile, where colors were taught. Dr. Favre then 
says, — 

"The examlDation of these Beveral reporta shows that 
msnj children of both sexes come into the toilet iTiaUe and 
ecbools witbont a notion of the elementary colors. Ths 
number of children lacking in this sensation in the roajoritf 
of bojs' schools I have visited is from twenty to tbirtj per 
cent. This ratio dimiaishes in proportion as the attenUoD 
of the scholars is directed by their teachers to colored ob- 
jecia. Certain eiercises, the painting of plans, geographical 
cards, lesBOoa io natural history, &c., have aa endeut influ- 
ence on the scholars' progress in this sense. Amongst the 
girls, sewing-work, embroidery, the care of the ctothing, 
the handling of flowers, moch reduces at dght years of ^e the 
number of those who have difficult in dutinguishing one or 
more of the elementary colors. At this age the number of 
boys who make marked mistakes in naming colors is still 
quite large ; and we have found, that, if the majority easily 
acquire a knowledge of colors, many of these need watchful 
and continued care, requiring to be examined periodically, 
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BO to speak, tilt we are aaaured of their core. What is the 
beat method to use ia the schools 7 Experience may teach 
na further; but, from our observationa during the last five 
years, we feel authorized to draw the following coiicliisiona : 
Male and female teachers should be required — (1) To quea- 
tlon separately the scholars of their elaaa aa to the five ele- 
mentaiy colors, and also as to white and black. (3) To 
cnrefully record, at the time of examination, the scholar's 
replies againat his name. (3) The scholars who have 
made mistakes ahould be indiridually called twice a week, 
and the colors named before them; they should bo ques- 
tioned and taught till it is shown that they have acquired an 
exact notion of tbe elementary colors. (4) There should 
be periodic examinations, (p) Whenever occasion pre- 
sents, the precise names of colored objecta exhibited should 
be spoken before tie whole clasa. (C) An advanced course 
on colors should be given scholars destined for special pro- 
fessions, by the aid of Chevreul's color-chart and the most 
commonly manufactured articles. 

"The treatment of color-blindness in the adult also has 
given us very conclusive results, which wo have embraced 
in an unpnblished article presented to the Academy of Sci- 

Dr. Favre says again elsewhere, — 

"I call for the introduction of exercises with colors in all 
the schools, in the army, in the marine, and on the railroads. 
I am persuaded, that, by the precautions I have indicated, a 
great number of accidents may be avoided; and I hope to 
be so fortiiuate aa to cause congenital Daltonism to be 
stricken from the nosological list." 

Dr. Favre has here undoubtedly Bimply mistaken 
the lack of knowledge of the name of a color for 
a lack of perception of the color. In this mistake 
he has been confirmed by the rather extraor- 
dinary reports from hia several friends who were 
teachers. These latter, I must at once insist, were 
wholly incompetent to decide whether their schol- 
ars were color-blind. We must of course first 
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positively prove the existence of the defect before 
we can talk about having cured it. It is next to 
impossible for even an expert to decide whether a 
child ia color-blind by simply asking him to name 
the color of pieces of paper or other objects. It 
is, on the other hand, very possible to teach him 
a name -which he shall attach to the object, as it 
would also be to teach a congenital blind person. 
These children, supposed color-bUnd, are reported 
as cured by more or less exercise with colors, 
according to their individual quickness and mem- 
ory in catching and retaining their Barnes. Those 
that' were dull, inattentive, and forgetful, required 
repeated exercises before they retained the names 
of colors which were seemingly readily forgotten. 
This is perfectly shown by the teachers' reports. 

The reported percentage of defective color-per- 
ception foimd would of itself throw much doubt 
on the method of testing. For instance, as many 
as thirty out of fifty, and fifteen out of thirty-five, 
children are reported having " no notion of color." 
But ten per cent is a very large ratio, even when 
we include aU cases of only slight color-blindness. 
Now, these children were from four to fifteen years 
of age. How many schoolboys at this time of life 
know the names of five colors, or, having heard 
them, wiU apply them correctly when questioned, 
without being specially taught ? 

We have found it very different with girls, as 
did Dr. Favre. They use the names of colors 
much more frequently, and have more to do with 
colored objects in dress, trimmings, &c. 

Those of us who possess normal color-perception 
know how difficult it is to tell the difference 
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between light greens and blues. This formed a 
large class among these supposed defective chil- 
dren, and they were reported cured in four or five 
exercises. A further convincing proof of the 
inadequacy of the test employed, and of the dis- 
qualification of the teachers as examiners, is shown 
by their reporting children as confounding those 
colors which the color-blind never do ; for exam- 
ple, red and violet. I would not, of course, deny 
that amongst these thousand children there were 
any color-blind. Proof to the contrary exists in 
the statement of one teacher, who says, " I some- 
times despaired of curing one child, six and a half 
years old, who, after sixty-five exercises, could not 
tell me A single color without hesitation. Eleven 
exercises more, however, cured this unexampled 
Daltonian, who began by first distinguishing green, 
and finished by not always calling red yellow 
when shown him." This child, no doubt, was color- 
blind, and took this length of time to learn the 
name of a color to be repeated whenever the same 
ol^ect was shown him. If alive, I am certain this 
boy is as color-blind now as then ; and any test 
not calling for the use of names would undoubt- 
edly prove it. Professor He Imholtz, in his "Phys- 
iological Optics " (p. 299, 1867), said, — 

" Aa to the examination of the color-blind, simply asking 
tliem to name this or that color, will naturally elicit but very 
little, since they are then forced to apply the system of 
names adopted to normal perception to their own percep- 
tion, for which it is not adapted. It ia not only not adapted, 
becanao it contains too many names, but, in the BBriea of 
speotral colors, we designate differences of tone aa auch, ■which 
to the color-blind are only variations of saturation or lumt- 
nomty. It ia more than doubtful whether what they call 
yellow and blue correspond to onr yellow and blue." 
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At first Bight it seems only natural that we 
Rhould be able to improve our color-perception by 
use, as we may sharpen our other senses by exer- 
cise; but in the color-blind there is a congenital 
defect or deficiency. With the ear we may learn 
to distinguish sounds whose vibrations come within 
the range of our scale ; but no amount of instruc- 
tion can make us hear a note above or below the 
vibratory scale of our ear. A little practice will 
enable the normal eye to discriminate between the 
lighter shades of green and blue, which at first it 
had confounded ; but no amount of exercise with 
colors can cause the color-blind eye to perceive 
those colors as we do, to whose ethereal wave 
lengths or numbers it is not adapted. However 
much practice may cultivate the power of an 
organ, it can never give that organ a different or 
additional power. I admit that constant exercise 
may enable a person only partially color-blind to 
improve his capacity for discriminating colors ; but 
even then I do not believe he has altered his color- 
perception, but only supplemented it by additional 
means, as we so often see other senses, when defi- 
cient, supplemented. Whether we shall ever be 
able to cure color-blindness is another question I 
am not in position to decide. I desire here only 
to state my belief, shared in at present by all 
physiologistu and ophthalmic surgeons, that it has 
not been and cannot be cured by exercise with 
colors. From Dr. Favre'a valuable researches, and 
his well-known and recognized connection with 
the present great advance in the testing for color- 
blindness amongst railroad employes and else- 
where, his belief in the curabihty of this defect 



ITS DAUGEES AND ITS DETECTION. 



117 



I 



I 



might have undue weight. It must be remem- 
bered that he stands almost alone in this. I liave 
therefore endeavored to show how and why he 
was mistaken, as others also might well be. To 
this opinion I must still hold, notwithstanding Dr. 
Favre's more recent article before the Lyons Medi- 
cal Society, and the supposed cases of congenital 
color-blindness he there describes. 

I should, perhaps, not dwell on this point further, 
were it not that Dr. Favre's mistake might lead to 
dangerous consequences by quieting the fears of 
those whose attention bad been roused to the ne 
eessity of testing for color-blindness. I therefore 
quote from one or two authorities in support of my 
opinion, to show that not only is it incurable, 
BO far as we yet know, but that it does not change 
with time. A congenital color-blind person dies 
BO. Professor WHson says, — 

" Congenital color-blindoeas is certainly incurable, and, 
when induced by injurr or disease, it may become as irreme- 
diable aa if it had been an inherited peculiarity ; but certain 
forma of this afiection from disease or injury are transitory, 
and admit of cure. So far as I can ascertain, from the ex- 
amination of the cases of congenital color-blindness within 
my reach, the amount of modiflcation in the perception of 
colors, induced by age, is inappreciable, even though no 
allowance be made for that altera.tion in all the powers of 
vision which time produces on every eye. Thus Dalton 
was certainly as color-blind at the Oxford meeting of the 
British Association in 1S^2, when he compared the color 
of his D.C.L. gown to that of the leayes of trees, as in 
1793, when he first discovered his coloi-blindness ; nor did 
any change, so fur aa hia aasociatea were aware, occur in bis 
perceptions of color up to hia death in 1S44. Mr. Mil&e, of 
lEdinbiu^h, ia still (October, 1854) aa color-blind aa he 
iTras when Mr. Combe described hia case thirtj years ago, 
Slid as he had been for years before hia case was described. 
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Professor N. was eiamined aa to his perception of color, \ 
some thirty years siace, hy Sir David Brewster, who hu 
recorded ilia case. He -writes me recently, ' I am under 
the impression that some change in appreciating colors took 
place in nty eye between childhood and youth, As a child, 
red gooseberries seemed to me altogether blue, bo far aa I 
remember. Latterly I have observed what I fancy red in 
this variety of fruit.' And again: 'I siippose Bom.etiiiies 
that I can distinguish red in some objects ; but probably thU I 
is from knowing that they are usually of this color-' But 
he adds, ' At any rate, I am quite sure 1 should make a 
dangerous railway-signal man, aa I moat certainly would 
not know a red flag from a green one.' This gentleman 
furtlier states, in answer to some queries, that pink still 
appears to him by daylight blue, and by gaslight ffreen, BJad 
that tie coutiuaes to confound carnuue red by daylight with 1 
blue. There plainly has been nothing deserving the name 
of improvement in hia case. Lastly, the Countesa of D. 
hsa not (in 1853) appreciably altered in her color-blindneas 
since her peculiarities were described by Wollaaton many 
years ago. 

" Dr. K., a medical man, says, ' When a boy at school, 
my attention was directed to my want of knowledge of color 
by finding 1 could not see what my father called the br^kl- 
red berries of the holly. 'When other children easily foimd ] 
out the trees which were loaded with ripe cherries, I never j 
could, till I came so near the tree as to detect the form of I 
the fruit. The discovery of this defect in vision dist^'esBed | 
my father exceedingly ; and he endeavored to cultivate ic 
a knowledge of color by giving me lessons in paint 
making colored charts for me of the prismatic and oUier 
colors, wishing to believe that the defect resulted from waat 
of education in color, not from a visual defect. I destroyed 
many a painting of flowers, &c., by putting on wrong oolcin, 
— as blues for purples, green for some kinds of red, and ' 
yellow for others. I atiU remember the surt)rise he exhibited 
when he found I could not detect a red cloak spread over % 
hedge across a narrow field. Hedge and cloak appeared to 
me the same exact hue, and they do so to this day.' 

" Dr. T., aged twenty-aeven, early became aware of hia 
inability to distinguish colors, and has cultivated punt- 
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ing in tbe hope of curing or diminishing hia defect, bnt 
witliout any Baccess. lie has himaelf fnvored ms with an 
account of his case ; but, as hs very stronglj realizes the 
want of a common language between himself and those who 
h&ye Dot his defect in distinguishing colors, he regards this 
' account as hopelessly imperfect. 

"It isquite certain that dyers, painters, weavers, clothiers, 
and the members of other callings much conversant with 
color, are not uafrequently color-blind. I myself have very 
recently been offered any ' reasonable fee ' if I would cure a 
worthy working tailor of almost total iiiability to distingnish 

" These cases may suffice to Illustrate the permanency of 
this affection of vision ; but they are not singular. Among 
my color-blind acquaintances there are probably none who 
woold not sacrifice a great deal to see pOTfectly, and nearly 
alt have endeavored to cure themselves of their visual 
idiosyncrasy ; but not one reports a cure, and the best edu- 
cated and most observant among them are the most decided 
in declaring that they have given up all hopes of amend- 

" It is difficult to convince many that this conclusion is a 
Just one. Those whose own sense of color ia delicate, and 
who are led by taste orprofesaion to live much among colored 
■objects, are slow to believe that any eye can be so peculiar 
in its endowments as to make the blunders which the color- 
blind do, even ia reference to what they call a ' staring ' red 
or green. Such colorista insist that carelessness, indifference, 
or improper education lies at the bottom of the mistakes 
which the ' supposed ' color-blind make, and profess them- 
Belves willing to undertake their cure, of which, however, 
tiiey record no case. 

" When we find an engraver, who for the greater part oi 
his life has been gazing aU day at paintings, purchasing a 
red window-curtain for a green one ; a tailor, whose eye has 
been for hours daily fixed on cloths of very varied colors, 
matching green tape with scarlet linen, at the risk of losing 
his situation ; an experienced field-geologist compelled, when 
anrveying a red-sandstone district, to take a companion with 
him to point out where grass ends and sandstone begins ; 
and a teacher of chemistry evading as much as possible 
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the questions of his papils concerning the colors of bodies, 
— we cannot doubt, that, after education has done all that 
it can towards developing the sense of color in the color- 
blind, they remain as helplessly prone to make their charac- 
teristio blunders as before. A crowning example of this has 
recently presented iteelf to me. In the establishment of a 
painter and glass-atainer, who is an obstinate disbeliever in 
the existence of color-blindness, my attention waa recently 
directed by his fellow- workmen to a yonth who had been 
set to repaint the devicea on the ahafta of a sheaf of airows. 
ThesedeTices,consiatiagof alternate circles of red and green, 
had not been effaced, but only dulled ; yet the painter exe- 
cuted hia task by painting all the red rings green, and all 
the green rings red. The case was remarkable for the direct 
reversal of the colors in question, and this by one who held 
them before him to compare, both on his palette and on tbo 
arrows. Yet the party who committed the miatake waa an 
excellent draughtsman, much eateemed by his master, and 
Borrounded at hia daily work with splendid epecimena of 
stained glass. This mistake which he made soon ceased to 
be a solitary one : for bis fellow- workmen, having, since its 
ODDorrence, put him to the test, found him uncertain in his 
judgment of many colors; and, on examining him, I found 
him commit the chara4;teriBtic errors of the color-blind- 
Here, then, was the possessor of an educated color-blind eye 
making aucb mistakes aa no normal-eyed person, taowevef 
uneducated hia power of vision might be, could or would 
make. Education, then, can do nothing towards curing 
congenital color-blindness ; nor, in truth, can any thing else." 

Dr. Goubert, in 1867, saya, a3 to treatment of 
color-blindness, — 

"I have here no more consoling words or fruitful resonrcM 
to present. Whatever the symptoma characterizing this 
peculiar imperfection, it belongs to that large number which 
the divine art of iEsculapius is powerless to cure, perhaps 
even to mitigate. All ophthalmic anigeons are onanimouB 
on this point." 

Professor Holmgren has very thoroughly di»- 
cUBsed Dr. Favie's publications; and he is in, 
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position, both theoretically and practically, to test 
attempts to cure color-blindness by exercise with 
colors, &c. After citing from his pamphlets, he 
says,— 

" We, on our part, have not yet seen the result of a sys- 
tematic exercise in learning colors pnraued months or years ; 
but the observationa we have made on the eierciae of the 
color-blind and their general effects may not be without 
interest, aud tiirow some light on the importance of such 
exercise. We have said that the color-blind railroad em- 
ployes learn to distinguish the flag-signals in common use, 
anil rarely make a mistake when examined, especially on this 
point. Does this result depend on the training, and in what 
way 1 The color-blind who are not railroad employes can 
answer thia. If we show them the ordinary flags (green and 
red), one after the other, they will nearly always name one 
or the other wrongly, and often both, and even sometimes 
frankly admit they do not know the true names of the colors. 
But if we show them the two Sags at the same time, and ask 
which is green and which red, they at once see a difference ; 
and. having fixed the name in their memory, they no longer 
make mistakes, but will tell the true name of the colors, even 
when shown one flag after the other. From this we see how 
the color-blind railroad employ^ has learned tci distinguish 
the flags. 

" But, afterall, what have they learned? and what, strictly 
■peaking, have they gained by such recognitions ? If we ask 
a color-blind person who is intelligent and honest, and who 
has no interest in concealing his fault, he will openly 
admit that he has qo idea of the color itaelf, but that he 
notices a Bensible difference in that the green flag is darker 
to his eye than the red. At the next trial he will make the 
same mistake if the first flag is shown him alone, and will 
be as surely correct if the two are shown together. A rail- 
road employe who daily sees the two flags will uot in general 
make this mistake when the test is repeated: we readily 
understand why. The color-blind has learned to apply the 
names, guiding himself by tbe difference in the iniensity of 
Uie light ; but he still continues destitute of any idea of-color. 
He is always color-biind, and has simply learned an artifice." 
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" Dr. Favre'B plan of gradual eserciaing depends, 
course, on the same idea ; ooly that he naea several Bhadea 
of the same color. Hence the intensity of the light is not 
necessarily the distinguishing mark. The fact that in his 
proposed eiercisea the ohjecte are looked at close to, assists 
in no small degree their being distinguished ; for, close to, 
there are other attributes besideB color and intensitj of light 
observable, whilst the flags are always at a much greater 
distance. The coloring material of the difEerent wck>1b may 
present peculiarities, which we do not generally notice, 
because the color itself ia enough for us, but which are of 
great assistance to tiie color-blind. What these differences 
are is not readily determined. The wools, for instance, may 
be smooth, rough, soft, or shining, — all qualities appealiiig 
to the eye. 

" The hislory of science tells us of cases of persons com- 
pletely blind who could easily and correctly distinguish wool 
of different colors by means of other senses, — smell, taste, 
or touch. The power of touch in this case deserves especial 
attention, as it is of importance in distinguishing the pecu- 
liarities of the wools above mentioned. The close connec- 
tion between touch and sight in determining whether on 
object is smooth, rough, &c., is well known. The assistance 
which these two senses render each other in a general appre- 
ciation of every material surface is not less well known. 
These are tie very qualities, beyond any doubt, that the 
color-blind call to their aid to supply the place of their de- 
tective color-seQse. Therefore many color-blind place the 
samples of wool in differeat lights, bring them quite close to 
the eye and in differeot angles to the visual axis. Bat 
many color-blind, who knew lie difference between red and 
green, or purple and green, frankly acknowledged that they 
only recognized them because one wool was coarser, harsher, 
or rougher than the other. Consequently it was not tJia 
color, — that ia, the quality of the reflected light, — but the 
coloring matter and its peculiar efEects ujKin the wool, which 
were to them the distinguiahing features. The color-blind 
may, however, be assisted by still other more accidental 
[leculiarities ; for instance, they may notice whether one 
bunch of worsted ia larger or thicker than the otlier. Tha 
results of such exercise will be as useless as a lesson simply 
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learned by heart. Tha scholar may repeat a whole page ot 
bis book word for word, and yet have no idea of the mean- 
ing of the coatenta." 

As to the necessity and value of teaching the 
names of colors in the schoob, I entirely agree 
■with Dr. Favre. No better proof of it can be 
given than the reports of hia teacher-frieuda, who 
found twenty to thirty per cent of their pupils 
who did not know the names of colors, or could 
not apply them. Such recreations as color-teach- 
ing would be interesting and valuable, since most 
probably all marked cases of color-bhudnesa would 
be detected, and a scholar thua be warned in time 
not to attempt work in after-life for which his 
defect unfits him, of which he cannot be cured by 
any now known means. 

Something in the way of teaching the names of 
■colors has been already commenced in our Boston 
schools. I have shown those interested how neces- 
sary some instruction is in colors, as also how 
useless it would be to attempt to correct color- 
blindness by teaching names, which would only be 
associated with objects, and not placed as the ex- 
pression of an attribute recognized by the eye. 
But the teachers must first be taught what color- 
blindness ia, and howfrec[uent it is, in order not to 
set down as stupid, or punish, an unfortunate boy, 
who seemingly will not learn colors he cannot see. 
As to the possible mitigation or cure of color- 
lUndnesB, my own experience with educated color- 
ilind adults has been very interesting. All had 
attempted, in one way or another, to overcome 
their defect by practice, but in vain. Those who 
best understood their trouble most realized this, 
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and eagerly asked for relief, which can be but par- 
tially obtained. 

I think the necessity of discussing, as far as I 
have, what at first sight seemed perhaps only a 
medical opinion, has now been made apparent. 
The very mistake Dr. Favre has been led into 
has also deceived raUroad officials, who hero and 
there have tested an employ^, suspected of color- 
blindness, with the flags or lanterns used on their 
individual roads. It requires considerable argu- 
ment and positive proof to convince a railroad 
superintendent that one of his men, whom he has 
had cause to suspect, and has seemingly thoroughly 
tested, is, after all, color-blind. It is very difficult 
for him not to believe his employ^ has learned, or" 
can be made to learn, to see colors as they appear 
to a normal eye. He, however, will be con- 
vinced against his reason, wlien the color-blind 
man is in hia presence subjected to a proper scienr 
tific test, applied by a competent specialist. 
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CHAPTER Xril. 



PALLIATION OF CONQENITAL COLOE-BLINDHESS. 

As congenital color-blindness cannot be cured 
by any at present known means, the question of 
its possible palUation becomes somewhat impor- 
tant. Many methods have naturally been sug- 
gested and tried, and of these I will now speak. 
Wilson says, — 

"A means of g^iardiDg against mistakes, relative to 
colors, which is unquestionably of some service to the color- 
blind, is the reference of doubtful hues to Or chromatic 
scale, accurately tinted and named. But this raeana of cor- 
recting error soon finds its limit, as the mismatchinga of red 
with green, olive with brown, and purple witJi blue, charao- 
teriatically made by the color-blind (although both colore 
are presented to the eye together), are sufficient to show. 
Moreover, we must remember, that, to the color-blind, his 
defective color perfectly correaponda with gray, or white 
and black, aa readily ahown by experiment with ChevTeul's 
' gammes chromatii/ties,' or with the worsted test. Hence, by 
comparison alone, he might decide that hia scarlet or green 
cloth is a neutral tint or gray." 

Szokalski and Seebeck, as Wilson also remarks, 
recommended, as a means of ameliorating the con- 
dition of the color-blind, their steady gazing, iirst 
on a colored surface, and then on a white or black 
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one ; but, for reasons already given, tliis proposal 
seems of no value, nor is any proof offered that it 
has been of service. 

There nevertheless exists, says Wartman, a 
very easy means of rectifying, to a certain extent, 
the error of the appellation of color. This means 
consists in examining colored objects through a 
transparent medium — as a glass or a liquid — of 
a certain known tint. Suppose this tint red : the 
impression of a green body and of a red body, the 
same at first to the naked eye, will become mani- 
festly distinguished by the use of the transparent 
screen. This method appears to have been prac- 
tised for the first time by Professor Seebeck (the 
father) towards the year 1817. Their employment, 
however, only remedies mistakes in the specific 
nature of colors, and leaves in general those which 
apply to one and the same tint. Wilson says tliat 
Dr. Steebaeh carried out this proposal the length 
of recommending the use of colored spectacles. 
Trinchinetti advises that the glasses should be of 
the color which is the complement of that liable 
to be seen falsely. To this Wartman justljr 
objects, because " the color-blind do not judge 
correctly of complementary colors ; " but his < 
proposal to employ transparent media of other 
colors is liable to as great objections. Wilson . 
adds, — 

" I am far from wishing to affirm that a color-blind p 
son may not be aided in correcting his chromatic e 
such a use of colored glasses as Seebeck and Wartmaml 
recommend; but, after many trials with my color-blind ( 
acquaintances, I have found noue who could turn the sug- 
gestion to practical account. My trials bavo been chieflj . 
made upon those who coafuscd red with green, to v ' 
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PWsrtmttQ, in illustrating the use of colored triuapareut 
■ media, flpecislly refers ; but I have met with no success." 

In 1855 Mr. J. Clerk Maxwell suggested and 
itried the employment of red and greeu glass sim- 
I'liltaneously, which frees it from Wilson's objec- 
Ktions. He says, as to the effect of colored glasses 
B'On the color-bUnd, — 

Although they cannot diBtinguish reds and greens from 
Tarietieg of gray, the transparency of red and green glasaea 
for thoBB kinds of light is very different. Hence, after find- 
ing B case in which red and green appear identical, on look- 
ing through a red glass they see the red clearly and the 
ren obscurely, while through a green gloss the red appears 
'k, and the green light. By furnishing Mr. X. with a red 
id a green gl&aa, which he could diatingubh only by their 
Aape, I enabled him to make judgments in previously 
doubtful cases of color with perfect certaioty, 1 have since 
had a pair of spectacles constructed, with one gloss red and 
the other green. These Mr. X. intends to use for a. length 
of time, and he hopes to acquire the habit of discriminating 
red from green tints by their different effects on his two 
eyes. Though he can never acquire our sensation of red, he 
may then discern for himself what things are red; and the 
mental process may become so familiar to him oa to act un- 
consciously like a new sense." 

It is very generally remarked of and by the 
color-blind, that they can distinguish reds and 
greens better by artificial light than in daylight. 
Many a one has avoided detection by carrying ob- 
jects, especially goods, to the gas to enable them 
to determine. The simple reason of this ia that 
they can see, as the normal-eyed, blue, and its com- 
plement yellow. The artificial light adfla the yel- 
low, and increases the yellow in the object itself, 
thereby assisting their vision. In lesser degrees 
of color-blindness this result is very marked. 
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"Wilson found that the whiter and more intenselj I 
luminous artificial lights, such as the lime-ball and ] 
the electric charcoal-light, induce the same confa- 
Bion in the perception of colors as sunlight does. 
He says, — 

" The contrast in appearance under the opposite illuminar 
tiona is so great, that, among the cases of color-blindnesa 
which I have recorded, there are as many as sis persons who 
have discovered that they could mitigate their peculiarity 
of vision hy the employment of artificial light. Thus Mr. 
N., Profeasor Y,, and Dr. E. have resorted to candle-light 
as a means of iucreaaing their enjoyment of flowers, which, 
if crimaoa, appeared, when seen by it, much richer in color 
than by daylight. Dr. E. and I had admired flowers to- 
gether for years witbowt ray discovering his color-blindnesB. 
Mr. N. states that 'it is quite an enjoyment' to him to look 
at crimson flowers by candle-light. Professor T. has al- 
ways delighted in going into a conservatory by candle-light, 
becanse then all the purple and red flowers stood out in Bach 
brilliant conlratl to the green leaves. A gentleman who 
deals in colored goods has long been in the habit of appeal 
ing to a gas-flatne in a dark room to decide between scarlet 
and green, and crimson and blue." 

Hence Wilson proposed for the color-blind such j 
colored glasses as rendered stmligbt nearest to 
artificial light. These are palo yellow or orange, 
stained with oxide of silver. Such glasses were i 
supplied to the above-mentioned gentlemen. There I 
were four shades or depths of the yellow color. 
One reported, "The glasses deepen, or rather | 
brighten, the reds, but do not affect the greens so T 
much. I can distinguish the reds by tjie aid of the 1 
glasses much better than I can the greens. On a J 
bright day they gave a decided and very marked 1 
difference between red and green. Scariets it made*! 
very bright and light ; while crimsons were made 1 
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decidedly red and fiery." Another found he could, 
through the yellow glass, see the same difference 
between green and scarlet, and crimson and blue, 
as by artificial light. The color-blind, therefore, 
can assist themselves and avoid mistakes by select- 
ing and looking through such yellow glass as ren- 
ders daylight nearest to artificial light. 

An interesting notice of a red-blind having dis- 
covered his ability to see better by lamp-light is 
given by Dr. Minder. The person was a member 
of the Bernese family, whose color-blindness, from 
documentary evidence, has been known to esist 
two hundred years. In a letter dated Paris, 1799, 
to his color-blind brother, he says, — 

" You will find enclosed a, pretty Swiss cockade. I have 
separated it, but you can readily put it together. In the 
centre is the yellow, then red, then green. Formerly, if I 
had been torn on the rack to get this airangement from me, 
it would have been useless. About a year ago, however, I 
made the brilliant discovery, that by lamp-light I could dia- 
tinguiah the colors. Eose-red, which by daylight is blue to 
me, then appears a bright oanniue; green, which by day is 
red, appears blue : so that, give me twenty-four hours, I 
should seldom be deceived. Write me if you have ever 
made this discovery." 

In March, 1878, Professors J. Delbceuf and W. 
Spring of Lille published a very interesting and 
important article on the amelioration of color- 
blindtiess by looking tlirough certain colored solu- 
tions. Professor Delbceuf is color-bhnd ; and hence 
hia observations, guided by Professor Spring who is 
normal-eyed, are of such value, that I will give here 
I quotations from the original article. Delbceufs 
[ tiieory as to color-perception, deduced from his 
results, is not of course in place here. I would 



I 



130 OOLOE-BLINDNEBS : 

only mention that he endeavors to disprove the 
YoHUg-IIclmholtz theory. 

After varioua trials with one and another colored 
fluid, he hit upon " fuchsine " five parts in weight 
to fifty thousand d^eau alcoolis4e. This he placed 
in a wedge-shaped glass receptacle, with sides 
meeting at one end, and separated at the other a 
centimetre. Thus he could look througli any 
thickness up to a centimetre. He employed other 
strengths, but the above gave the best results. 
Of these results he says, — 

" The effect obtained was marvellonB : not only did the 
colore which I usually confound — blue, carmine, and violet 
on the one hand, and aearlet, red, and brown on the other — 
appear very different, but the ncariet red especially asaumed 
a brightness wholly unknown to me heretofore. It had ap- 
peared to me dull, but suddenly it became flaming and 
brilliant. This was to me an extraordinary and unlooked- 
for result. The saraa effect was produced ou two of my 
pupils who were color-blind, n.ud on those whom Frofessor 
Spring and I have exaniiued." . 

Professor Delbceuf found, in brief, that the 
fuchsine corrected the usual mistakes as to red 
fruits and flowers, the foUt^e, &c. With Pro- 
fessor Spring ho also tested himself with large 
numbers of pieces of colored silk. 

" Two of the ribboua were of special service, — a marked 
brown, which 1 had confounded with a bright scarlet red; 
the other, a violet, which produced on me precisely the same 
effect as a pure blue. The fuchsine showed me the differ- 
ence between the colors and thi^ir shades with more or less 
distinctness, and we found the same with the two color- 
blind we tested. 

"I had here, then, a positive fact, and reason to suppose 
that the fuchsine rendered my vision like the normal-eyed. 
But this was a presumption I had to verify by producing 
color-W in dnesa in the normal-eyed by some solution before 
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their ejes. The hazard which brought ua the fachsine did 
for chloride of nickel one part, and twenty-five of 
water. Through a centimetre of tliia sohition I'rofessor 
Spring found Uie violet ribbon looked Llue, red identical 
with brown, and nature assumed a certiiin uniform tint 
without brllliaucj. Glass staiued with cop(>er has also 
largely this effect of rendering the normal-eyed uolor-blicd. 
Holmgren called attention la this, and says, ' We may get 
a good idea of the difficulty the color-blind have in sorting 
colored objects if one tries to do the same through greeniah- 
blue apectaclea. We shall see ofiA sort the colors pretty 
much as a red-blind does, and hare the same difficulty aa he, 
or all who attempt to do that which they have not the 
power to.' I have said that the fuchaiiie gave me a very 
marked difCerence between blue and violet, browa and 
scarlet, and that the violet aud scarlet became always more 
brilliant, whilst brown and blue retained their ordinary 
aspect. Chloride of nickel does not affect the normal-eyed, 
except as to red or violet; green, blue, yellow, remain, so to 
speak, unaltered. The reverse holds true with us; namely, 
ooDsiderable tfaicknesa of the green solution but slightly 
interferes with tlie harmony of colors as I see thorn; and, 
thmugh weak solutions of fuchsine, the normal-eyed do not 
■oe objects very differently from generally. Stronger solu- 
tdons only render the violet brighter, aud especially the scar- 
let, which becomes whiter. 

"We need now only see if the fuchsine re-establishes the 
Tision of a normal-eyed rendered color-blind by chloride of 
nickel. This is the case. When a nornial-eyed looks at 
our silks through a solution of chloride of nickel sufficiently 
strong to render the red and brown ribbons, the violet and 
blue, appear either brown or blue, and then adds a proper 
thickness of fuchsine, the colors regain their distinctive 
characters. So, also, a color-blind corrected by fuchsine 
becomes again color-blind by chloride of nickel." 

Professor Delbceuf remarks, in closing his pa- 
per, — 

" These researches have an epilogue. Having detep- 
niined the cause [aa explained by his theory] of color- 
blinduess, we should not have thought of broaching the 
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qneation of its treatmect, hiid not a singular circnimBtance " 
caused us to believe in the poBsibility of its cure. I have a 
painting of flowers, — a bouquet of poppies. What alone 
alwiija pleased me in it was the correctness of design, the 
freshness of the flowers, aud their true and natural appear- 
ance. Returning in October, after an absence of six or 
seven weeks, I found a new charm in this painting. I firat 
thought this was, as is so often the case with works of art, 
but a momentary caprice. Yet finding it each day more 
and more attractive, I thought whether, by looking Uirougta 
the fuchsine, and thus giving myself the seusatioQ of red, I 
could not now see distinctions which in reality were hitherto 
powerless to act on my visual faculty. This conjecture ia 
the more plausible as, at the commencement of our esperi- 
ments, I had looked at tliis picture with oar apparatus. 
This was my thought when, in the beginning of November, 
I mode some tests of the railroad-signals, to see if oar 
liquids were sufficient to render distinguishable the red and 
green lights. The results were not conclusive. I had a 
v^ue sensation that my naked eye could recognize distinc- 
tions formerly impossible for me. But towards the middle 
of last December, whilst walking in the city, I noticed, or 
thought I did, red lights a few hundred steps off. I ap- 
proached them, and found they were dim lanterns to mark 
an excavation in the street. It was tlie first time that any 
such light seemed to have a distinctive color, i'onnerly I 
saw no diflerence between the yellow and red lights, except 
that the former were brighter, and the fuchsine had but 
made them look alike. Much interested, I went over to the 
American tramway, where the cars are lighted by red lan- 
terns. I used to notice but little distinction between them 
and the gas-jets; but to my surprise I recognized them quite 
well, even at a distance. I thought I had perhaps corrected 
my color-blindness. Some days after, when the weather 
was dull, I took out the bos of ribbons in ray laboratory. 
Formerly, on such a day, I should have unquestionably found 
them identical in pairs ; but it was no longer so. The brown 
ribbon remained the same ; but the scarlet struck me vividly 
by its brightness. In no poasible position could I confound 
them, and the difference remains still quite marked. I 
asked Professor Spring to attempt to deceive me by showing 
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Uiem to me singly; but he could not. This I could not say 
of the blue and violet I thought I noticed a certain vari- 
ance, but did not feel aasured of not being deceived. I have 
therefore to improve in thia direction ; but, no doubt, my in- 
experience with the blue and violet ia due to my sensation 
of red not being yet very strong. In fact, the fachsiue 
gires the red of my ribbon a color much atronger than I 
have aa yet recognized. It ia probably a matter of time 
and exercise. Some time after, I thought to ascertain if the 
solar spectrum looked different from what it formerly did. 
Going to my laboratory, and taking np the ribbons, 1 found 
the red brighter than the brown ; yet it seemed as if the 
contrast had somewhat decreaaed lately. I looked, there- 
fore, very carefully at the spectrum. I thought, at first, the 
gradations more marked in the yellow, and hence, on the 
■whole, that there was no change. Accidentally, however, 
turning my eyea to the ribbons, I still saw one was more 
brilliant, and, on going to it, found it was the brown I It 
was only after a time, and repeatedly gazing through the 
fachsine, that the red again aaaumed iu part its relative 
brilliancy." 

The foUowing very misleading notice, based 
upon the above, I quote from " The Scientific 
American," Dec. 28, 1878 (p. 408) : — 

" Remedy tor Color-Blindnebb. — ' La France M^di- 
cale' states that M. Deltxeuf has found, that, if a person 
afflicted with Daltonism looks through a layer of fuchsine 
in solution, his infirmity disappears. A practical applica- 
tion of this discovery has been made by M. Javol, by inter- 
posing between two glasses a thin layerof gelatine previously 
tinted with fnchsine. By regarding objects through such a 
medium, all the difficulties of color-blindness are said to be 
eorrected." 

More important still is a report from a commit- 
tee of the Belgian Royal Academy to the minister 
of public works in answer to certain questions. 
Professor Delbceuf was secretary of this commit- 
tee ; and, owing to his supposed discovery of the 
effect of a fuchsine solution, they report, — 
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"In all casea there can be attached to the engine an ap- 
ptkratus which prevents even the most color-blind from pos- 
sibly confounding red or green with any color, and which 
iTouId add to the contrast of thu Higiiala. The apparatna 
wonld consist of a red and a green gloss having the proper- 
ties spoken of. When the engineer had the slightest doubt, 
he need but look through these glasses. Looking throng 
the red, the signal of that color would become brighter, and 
contrast more with the genera] visual field. On the other 
hand, it would be weakened by looking through the green. 
The reverse holds trup of the green signal. This apparatus, 
infallible for the day-signals, would bo efficacious to a cer- 
tain degree for the night-signals also, but perhaps less prac- 
tical here." 

On this point Dr. Maguus says, — 

" Whether the method, lately proposed by Professor Del- 
boeuf, of palliating or improving color-blindness by f ucbsine- 
colored glasses, will prove of service, time must decide. Pro- 
fessor Delbceuf, himself color-blind, believes the method of 
practical value, as tested in his own case. But. as we have 
already pointed out, deception here is very possible ; and one 
may readily mistake for a cure of color-blindness the practice 
which a color-blind has gained by any increased sensitive- 
ness to shades of light in distinguishing colors. Moreover, 
there has as yet been no practical experience with DelbceoTfl 
method. " 

In order to fairly test Professor Delbceuf 3 buj>- 
posed remedy or cure of color-lulindiiess, I have 
had the apparatus made as be directs in his origi- 
Dal article. With the fuchsine solution I have 
pretty carefully tested six color-blind, both red 
and green blind, and of various degrees. Two of 
these were physicians, who had not only paid a 
good deal of attention to the subject, but also to 
their own cases. The result was quite unaatisfao- 
tory. A red-blind, after carefully working with the 
fuchsine solution, reported that he could obtain 
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int little more benefit than he did by gaslight, or 
, lemon-colored glass, which simulated gas- 
light. He, aa they all, reported tliat the green 
worsteds in Hohngren'8 test, or other objeeta of 
this color, were darkened, and thereby the relation 
of ligJU and shade altered. This assisted him in 
selecting them. The same darkening takes place, 
of course, with the normal eye. We can see what 
a change in light and shade is produced by even a 
small amount of fuchsine, and thus understand 
how much the color-blind may hereby gain ; that 
is, how much is added to their already highly de- 
veloped sense of light and shade perception. A 
color-blind person who had not studied liis defect, 
or the subject generally, might very readUy mis- 
H^ke the help of the fuehsine solution for a change 
^nf bis color-sense, and suppose, also, that the com- 
^Plmrative new world to him was something permar 
nent, — this also more especially as the fuehsine 
solution intensifies the reds, and allows a red-blind 
to get a much better idea of the sensation red to 
the normal eye. This is probably, therefore, the 
explanation of Professor Delbteufs enthusiasm 
over his discovery. But those who have studied 
ihe vision of the color-blind — particularly the 
educated — can readily understand the fictitious 
assistance of a change of light and shade, which, 
I I have said, one of my color-blind soon found 



Professor Holmgren, some years before Del- 
EBofs investigations, discussed the effect of col- 
red glass and colored solutions in rendering the 
ision of the normal-eyed like that of the color- 
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In a reriew of articles on color-blindness, pub- 
lished in the " Revue dca Sciences Mfsdieales," Oc- 
tober, 1878, Dr. Javal says of Delboauf s method, — 

" I obtaiiHHl sbeiets cf gelatine stained with f uchsine, which 
[iToduond the sune effect as Professor Delbceuf's aolation, 
«nd which nvra much more manageable. But, notwithstand- 
ing this betk-r arrangement, I much doubt if this means cf 
correotion of color-blindness has a great future; for the 
majority of th;>3e affected are too habituated to live with 
Ihoir inflnoity to be willing to suffer the slightest inooo- 
Touieaoe in correcting it. Thia correction will therefore bo 
only applicable to those persons, relatively faw, whose occo- 
paUon is such that tlieir infirmity is a positive hinderance. 
And from thrae should be excluded railroad employ^ 
pilots, &c., who are coloi-blind, as such must be absolutely 
removed from posts where their deficient chromatic sense 
may oauso accidents." 

In reference to Delbceuf and Spring's state- 
ments aa to chloride of nickel in solution, — one 
part iu weight to twenty-five of water, — I must 
Bay I have carefully followed their experiment, i 
also with a stronger solution arranged as theyiJ 
describe ; but I obtained no such effect as thai 
report, — of thereby rendering the normal ey( 
color-blind. All normal-eyed with whom I hav( 
tried it tell me the same. It did not interfere wit| 
my sorting the worsteds with Holmgren's test j 
fectly. Looking tlirough such a solution dulls t 
red a little, but nothing more so far as I can ; 
see ; with which, as I said, others agree. Mora 
over, the effect of the fuchsine solutidh was nt^ 
negatived by it to the color-blind. I confess i 
self at a loss to understand Delbceufs stateiD 
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CHAPTER XIV. 

DANGERS ARISING PEOM C0L0R-BLIXDSES3. 

The mortification, inconvenience, and loss of 
position or employment, from the lack of power to 
choose proper or appropriate colors in dress and 
costume, to distinguish and match colored goods, 
to mix or use colored pigments, I have already 
sufficiently described. The dangers to which the 
community are subjected from color-blind railroad 
employes and pilots will be explained in this chap- 
ter, and how and why these should be avoided by 
the action of -the commimity in protecting itself. 
For instance, an engineer has run on one road for 
some five or ten years without accident of impor- 
tance. The superintendent requires him to pass 
examination by an expert, who finds he is markedly 
red-blind, and shows it most convincingly to the 
officials of the road. It becomes known; and they 
then do not, of course, dare to keep him in his 
place. He is dismissed, to protect the community 
from danger. 

We need no better proof of the recognition of 
the danger than the measures so rapidly taken 
for the last two years on so many of the Euro- 
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pean roads, and which are being initiated by &e 
others. 

Our very practical American people have recog- 
nized the danger from numerous colored lights or 
agnal-flags in having gradually discarded them. 
Many roads already use only red by night or day. 
Green and red are, however, most generally used 
to signify safety and danger. From experiment 
and experience I agree that they are right. We 
cannot give up color for form by night. It is, 
however, possible by day. Is the danger any less 
great here in the United States? I believe the 
danger from ignorance of its existence is not small. 
The chief of the Brotherhood of Locomotive En- 
gineers told me he bad not heard of color-blindness, 
although he had run an engine twenty years ; and 
asked me, with some feeling, whether I " thought a 
man was fit to run an engine who could not tell 
green from red." 

The Massachusetts Board of Railroad Commis- 
sioners reported to me (Feb. 17, 1877), that " the 
subject of color-blindnesH is one which has never 
come to the attention of the board ; " and they 
" have not known of the subject being investigated 
in this country." 

There is danger from color-blindness, also, from 
the general and the scientific press never having 
taken it up in discussion in this country. I am at 
present unacquainted with any thing on this special 
topic, except one or two brief articles in " The 
Chicago Railway Review," " The Scientific Amer- 
ican," and an occasional paragraph in some medi- 
cal journal. So far as I know, the whole question 
of color-blindness and its natural danger was first 
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publicly discussed by myself March 7, 1877, be- 
fore tlie Boston Society of Natural History, and 
previously at a scientific club, where the necessity 
of a color-test examination was urged. I speak of 
tliis only as showing, that, notwithstanding the 
number of very competent ophthalmic surgeons in 
the larger cities of the Union, the subject has 
billed as yet to arise for discussion through their 
efforts. We naturally should have looked to them 
for warning from the danger, especially as their 
daily practice renders them so familiar with color- 
blindness from injury or disease. The subject, I 
confess, forced itself on my attention. 

Thanks to the efforts of such men as Drs. Wil- 
son, Favre, Bonders, and Holmgren, railway and 
marine collisions or accidents will now be investi- 
gated in relation to color-blindness ; and when one 
is proved amongst us, as they have been elsewhere, 
to have occurred on this account, then the com- 
munity will be suddenly awakened to a realization 
of the danger they have always incurred, and cor- 
porations forced to make some effort to avoid simi- 
lar accidents in future. Then will be brought for- 
ward the facts presented in this volume. And it 
will be shown, that, through the efforts of some 
railway surgeons and scientific men, the world has 
been taught that color-blindness exists to a greater 
or less degree certainly in one in twenty-five of the 
■whole male population ; that this must hold good, 
therefore, among railroad employes and mariners, 
where it is a source of very great danger. Hence 
a court or jury will not be slow to accept and 
apply the verdict of the general community, that 
the accident was preventable, and the corporation 
liable. 
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The teaching the community cannot be done by 
the single or united efforts of scientific men. By 
examinations in the schools, a knowledge of color- 
blindness and its dangers can be disseminated, as 
well as the individual warned of his defect. If the 
medical, popular, and daily press would take the 
subject up, as they did in Sweden, the railroads 
would soon feel forced to act immediately in the 
matter. It also would not be long before an in- 
ternational commission would be appointed, and 
laws for the control of color-bliudness in the ma- 
rine personnel agreed upon. Professor Wilson 
closes his book with the following : — 

" The prof esBions for which color-blindneaa most serionalj 
disqualifies are those of the sailor and railwa,j servant, who 
haTe daily to peril human lite and property on the indica- 
tion which a colored flag or lamp seems to give. Fortunate- 
ly a ship is seldora under the guidance of a single person; 
and in her majesty's Teasels the color-signal men are selected 
from a large number, and are ascertained to have a quick 
eye tor color. In merchant-ships the choice must necessarily 
be made from a much smaller number; and the appalling 
yearly Ibt of lost vessels which appears in our wreck re- 
turns awakens the suspicion that more than one of these 
fatal disasters may have resulted from the mistaken color 
of a lighthouse, beacon, or harbor-lamp, which on a strange 
coast, and with perhaps the accompaniments of a snow-storm 
or a thick tog, has been wrongly deciphered by a color-blind 

" On railways the danger attending mistakes of signals i» 
much greater than at sea; especially in this country (Eng- 
land), where trains travel at a very high rate of speed, and 
succeed each other at very short intervals. ... I am happy 
to say that the publication of mypapers'haa induced the 
Great Northern Railway Company to require that in future 
all their porters shall be tested as to their freedom fiom 
color-blindnefls before they are admitted." 
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The attention of railroad managers, and also 

that of tht3 community at large, haa in Europe 
been repeatedly called to the great danger likely 
to arise from color-blindness. T would, for in- 
stance, refer to Noel, in the " Courier des Sci- 
ences ; " and I would particularly call attention 
to the efforts of Dr. A, Favre of Lyons, France. 
I cannot do better than quote from the rigumS of 
his memoirs. He says, — 

" I have proved, by facts peraonally observed from 18ii5 
to 1873-77, the aecesaity of testing for color-blindness all 
candidates for railroad service, omA the excluBioii of those 
who are red-blind ; also the necessity of specially examining 
employes who have been injured about the bead, thoiie re- 
covered from severe illness, smokers, and drinkers. I call 
also for the periodic examination of all in active nulroad 
«. The majority of these precautions, adopted on the 
f Lyons road flinoe 1857, have been gradually enforced on 
I other lines, and quite recently, also, on the Belgian roade. 
Feb. 8, 1875, 1 called the attention of the ' Conseil de 
[ Sant^ dea Armces ' to the use of the colored signals em- 
[ ployed in war, and the neceaaity of testing those giving or 
1 receiving orders by colored signals. . . . In February, 1875, 
I I called the attention of the Medical Society of Lyons to 
1 color-blindness caused by injuries. . . . On Nov. 4, 1875, 1 
[ addressed the Medical Society of Marseilles in reference to 
[ color-blindness in navigation. My conclusions were adopted, 
L and communicated to the marine authorities of the port and 
I the minister of marine. At the same time the Academy 
'■ of Sciences and Letters o£ Lyons voted to call to my publi- 
I oation the attention of the ministers of public instruction, 
public works, war, and marine." 
Wilson eaya, — 

"The majority of even color-blind persona are able to 
distingoish bright red from bright green when they are 
near the eye and well illuniiuated : but this power of distiu- 
gnishing between these colors diminishes with great ra- 
pidity when they are removed to a distance from the eye ; 
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BO that a aeparation of a few feet or a few yards, according 
to the severity of the caae, abolishes all sense of distinction 
between red and green. As the colored day-signals on rail- 
"waya — especially the flaga, which alone are available in 
some of the most pressing emergencies ~ soon tarnish and 
darken, the effect of time is to change light reds and graena 
into much darker shades, and thereby continually to diminish. 
the distance (small at the best) at which the two dangei- 
signals can be distinguished from each other by a color-blind 
observer.'* 

The danger, therefore, depends on the number 
of color-blind employed on the railroads. They 
have been found as frequent there as elsewhere. 

My friend, Dr. Edmund Hansen, a distinguished 
oplithalmie surgeon of Copenhagen, Denmark, 
writes me, June 24, 1877, — 

" The railways of Denmark are in the possession of two 
parties : one is a private company, which owns the railwaya 
of the larger island called Seeland, and of the adjacent 
smaller islands, Laaland and Falster; whereas the railways 
on the island Funen and on the peninsula Jutland belong to 
the government. The investigation for color-blindness baa 
just been completed by the private companies ; on the govern- 
ment railways it will be done in the course of the summer. 
(I will give you the results of the private company, and 
shall send you the other when the results have been made 
known.) The examination on the Seeland, Laalaud, and 
Falster roads has been made according to the method of Pro- 
fessor Holmgren. 1,0S1 persons were examined, of whom 
50 were women. Of this number, 31 men (or 2.87 per 
cent) were color-blind, — all congenital cases. None of the 
women were color-blind. Of the 31, 10 were perfectly color- 
blind, 21 imperfectly. Of the perfectly eolor-blini 8 had 
red-blindness, 4 green-blindness. Their occupations were: 
2 station-masters perfectly green-blind ; 1 engineer perfectly i 
red-blind ; 1 train-conductor, 1 fireman, perfectly green- I 
blind ; i porters, 3 blacksmiths, 7 railway guards, of whom 
2 were perfectly red-blind ; 3 assistants, 1 pupil, perfectly 
red-blind ; 1 concierge, 2 foremen, of whom 1 was perfectly 
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green-blind ; i workmen on etation, 1 perfectly red-blind ; 2 
extra conductors, 1 perfectly red-blind," 

These examinations, I understand, were made 
bjay Dr. Fontenay. 

Professor A. Quaglino, of Milan, Italy, writes me, 

A.ug. 11, 1877, "I do not know whether there 

Ivre any statistics of color-blindness pubhshed in 

rjtaly, though I am sure that all the railroad em- 

rployfe are subjected to a rigorous examination in 

reference to their color-perception," 

Dr. J. Stilling, of Cassel, also writes me, Dee. 6, 
1877, "I have but once had opportunity of ex- 

iamining railroad employfis, about four hundred in 
number. Of these, six per cent were color-blind." 
Dr. Magnus reports the result of one of his col- 
leagues on a Breslau road as four per cent of color- 
blindness among the employes. 
Professor F. C. Dondera of Utrecht, Holland, 
with the assistance of twelve physicians and 
ophthalmic surgeons, whom he had specially in- 
structed in a method of his own, examined 2,203 
employSs on the Holland roada. He found 152 of 
these more or less color-blind. These he subse- 
quently — with his assistant, Dr. Bouvin — still 
H more carefully tested, thereby confirming his pre- 
^vvious results. 

^1 Dr. A. von Reuss writes me March, 1879, having 
^MDund 3.50 per cent color-blind among 800 of the 
^Bemploy^s of one of the Vienna roads. 
^B I have perhaps quoted enough to show by sta- 
^* tastics, and by the precautions railroad corporations 
in Europe are taking, the extent to which color- 
blindness prevails amongst employes, and its con- 
, sequent danger. But I should quite fail in giving 
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the subject doc prominence as to the prevalent 
of color-blindness, the value of seientific investi- 
gation in detecting it, its danger for the eomma- 
nity, and the suceesa of true methods of testing 
in convincing railroad people of all this, &c~, were 
I not to quote from Professor Holmgren's wort. 
He says, — 

" In a case called the Lagerlnnda, arising from a rtulroad I 

accident at Lagerlnnda, in Ostrogothia, Nov. 15, 1875, a 
which excited great pnblic attention, there was eridence 
leading me to auppoae that color-blindneas was ooe of tho 
principal cauaee of the disaster. This led me to think that 
control should be exercised among railroad employes as to 
color-perception. 

"In June, 1876, I had an opportunity for (eating this 
ter. By the courtesy of Major-Gen. von Enorring and 
Major Rudbeck, 1 was permitted to eiamine 2,200 r 
the infantry and dragoons of the guard in camp in Upland. 
From this examination we learned, in reference to the es- 
iateuce of color- btindnesa among the population of the 
province, that, out of the 2,200 men, 11 were red-blind, 17 
could not perneive green, and I violet (?) ; 31 besiiJes were ■ 
incnmptelely color-blind in accordance with my classiScatioii. f 
There were, then, 80 defective, or 2.7 per cent The o 
of 'feeble Bensatiou of colors ' are not here included. 

"July 14 of the same year I had opportunity, at the 
Scandinavian Medical Congress assembled at Gothenburg, 
to describe my method, report the results of its employment, 
and also to express my views as to the necessity of taking 
lueaauros on a large scale in reference to the detection of 
color-blind n PBS, especially among railroad employ^. In 
oonsequenoe the congress voted unanimously on the necesai^ J 
of instituting examinations to detect color-blindness, fln^ m 
among railroad employ^ ; second, among pilots, lighthon 
keepers, and sailors in general; and, third, in the schools. 1 
During the congress I had time to show the physicians tha I 
practical application of the method, by examining in their 1 
presence, by permission of Col. Carlsohn, 100 men of tfas 1 
utilleiy regiment in Gotha, amongst whom we found 4 J 
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color-defective, — 1 for red, 1 for green, and 2 incompletely 
blind to color. At the same time I found one green-blind 
amDng tlie physicians, membera of the congress, ajid one 
red-blind among the assistants. 

"I was then prepared to apply directly to the rwlroad 
administration. Thanks to the press, which followed atten- 
tively the discussions in the congress of Gotheoburg, the 
question came to the knowledge of the public. It naturally 
attracted the attention of the railroad ofGciala, who for the 
moat part looked upon it with a certain distrust, as rather 
the result of learned imagination or over-solicitude than as 
a practical matter for the railroad service. We have heard 
a railroad official use almost literally these words: '11 
color-bliudneBs really exists it cannot be amongst the em- 
ploy^ or it would have been noticed. This must at least 
be the case with the engineers and conductors, all of whom 
obtain their places after passing through inferior grades, 
and consequently after having sufficiently proved their fac- 
ulty of distinguishing colors.' It was, therefore, very impor- 
tant to obtain some certain data oa this point. This soon 
arose. Mr. Jacobaaon, chefd'eiploiiaiion of the Upsala-Gefle 
line, asked me to accompany him on a tour of inspection, 
and examine all the employes nnder his orders. The tour 
was undertaken in the fall. We left Upsala Sept. 7, and, to 
carry out our examinations, halted at all the stations, at all 
the guard-housea, and at every gate ; in short, we stopped at 
every point where an employe was to be found. The exami- 
nation was finished at Gefle Sept. 8. -All the force — 266 
men and women — were tested. Amongst them we found 
13 defective ; viz., 4.8 per cent. Six were completely green- 
Mind, and 7 incompletely color-blind. Their positioiis were, 
1 chief of station, 1 engineer, 2 conductors, 1 chief of equip- 
ments, 2 men of the equipment departm^t (one a Bupemu- 
meraryj, 2 overseers, 2 road-guards, I clerk, and 1 stoker. 
pinmedtately after the examination, the chef iT exploitation 
lissed all those who were blind for ffreen. 
This first expedition was interesting in many respects. 
Itshowed that the method of examination was adapted to, 
and could be used on, the railroads. It showed, moreover, 
"lat there were really color-blind, in nearly every degree, 
ployed on the Swedish roads, of which no one had had 
the slightest suspicion." 
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Professor Holmgren reports later in SeptemTier, 
1878, having to date tested 7,953 railroad employes, 
ajid found 171 color-blind, or 2.15 per cent ; viz^ 
45 red-blind, 48 green-blind, and 70 incompletely 
blind. 

" In Finland Dr. L. Krohn, who waa by correspondence 
Instracted in the method and principles applied in Sweden, 
bas already examined the personnel attached to the rail- 
roads of his country. A locomotive and car were placed 
at his disposition to enable him to teat the employ^ on the 
whole length of the line. It was completed in twelve days. 
He fonnd, among 1,300 persons tested, 60 color-blind; namely, 
5 per cent. They were as follows : i led-blind, 35 gteen- 
btind, and 31 incompletely blind." 

Professor Holmgren brought this matter before 
the various railroad directions in Sweden. More- 
over, experiments were made in the Physiological 
Institute at Upsala ; so that, by Nov. 9, 1876, 
throughout Sweden, it was ordered that all the 
railroad empioy(5s should be tested for color-blind- 
ness by the methods there used. What Professor 
Holmgren has accomplished leaves no excuse for 
our American railroads in hesitating or refusing to 
thoroughly and properly test all their employes for 
defects of coloi>perception, and dismissing those 
who are color-blind, and providing also for the 
future by testing all applicants for employment. 

If long before this my readers have been aston- 
ished at the facts here collected, they, no doubt, 
have also been equally disposed to question them, 
or at least their practical bearing. They will natu- 
rally say, " We do not hear of railroad accidents 
from color-blindness, and rarely of marine collis- 
ions attributable to this cause." Of this I shall 
again speak; but I must first hereexplain howitia 
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that the color-blind employi^a get on so well, con- 
ceal their defect, and perhaps avoid accident. I 
. shall confine my remarks to the railroad personnel 
bnd mariners. How the color-blind escape detec- 
Btion in every-day life, I have already fully de- 
gicribed. Professor Holmgren explains this so read- 
ily from his experience, that I do best to first quote 
1 him. He says, — 
" We should imagine a color-blind railroad employe wonlJ 
fhe immediately detected, or would have at least discovered 
Q defect. This very natural idea has greatly tended 
P4o retard the reform we have called for. It is, however, io- 
' (wrrect, and does not stand the test. On the contrary, exami- 
nations showed that a lai^e number of color-blind were em- 
ployed in nearly all the positions on a railroad, without they 
or others being aware of their faulty color-perception. And 
I Jorther; a number of these, far from being convinced of 
ktheir defect, even after the examination, iusisted on repeat- 
Kjng the test (even els. or seven times), giving all sorts of 
'n explanation of their constant ajistakes. Tliey 
mdl agreed in saying that they had excellent sight, never had 
experienced the slightest difficulty in distinguishing thesig- 
'i, and though a long time in service, and in most impior- 
i tant posts, as locomotive-engineers for instance, never had 
made the slightest mistaike. 

" Certainly we may well be astonished at this condition 
of things, and very naturally aak how it is jiosaible for any 
one to perform the duty of engine-driver, for instance, any 
length of time without exposing a deficiency of vision so 
important for the performance of this duty. There are, so 
far as we know, only two explanations : one is in tlie pecu- 
liar visual sense of the color-blind, and the exercise of this 
sense in distinguishing the aignala ; while the other depends 
on the conditions under which an engine-driver ordinarily 
does duty. 

" As to the first explanation, we must remember that every 

I. color coming from an illuminated colored surface may be 

more or ieaa bright or dark, and every lautem-light, even 

[ ODlored, may be stronger or weaker. Uence, in a colored 
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object or colored light, the eye does not alons taks note of 
the uolor or quality of tlie light, but also of its quaniii;/ or 
intensili/. When two objects or two lights appear of thB 
sama color to tho ejes of a color-blind jwrsoa, they may 
differ as respects intensity. This being the Bole difference 
behveeo these lights, it is particulE^rlj noted; and tbnB, 
often aa a result of special exercise, aocb color-blind person 
may strengthen his perception so aa to in a certain degree 
make up for his color-deficiency. He resembles somewhat 
the persons who, deprived of one sense, replace it to a de- 
gree by the greater exercise of one or more of their other 
senses. We have already noticed this point, so very impor- 
tant in practice, but could not refrain from again reverting 
to it here. Any one who has experience from conversation 
with intelligent color-blind, or experimenting with Max- 
well's rotating disk, will have noticed their peculiar seaai- 
tivenesH to varying inlemili/ of lii/ht whilst comparing two 
colors, and hence con have no doubt as to how a color-blind 
person can so often distinguish between railroad-signals, and 
give the colors their true names. 

"Did we not know this, we should be greatly nstoniahed 
to find with what facility a color-blind railroad employe can 
distinguish between the red and green flag, and generally 
call the red, green, and yellow lanterns by their right color: 
but it is the intensity of the light, and not the color, which 
governs his decision ; and Ihis is the vihote secret. The flags 
and lanterns have, in fact, usually a constant difference aa 
to intensity. The green flag is to the color-blind, as also to 
the normal eye, undoubtedly of the deepest or darkest color, 
and the red ite most brilliant. As to the lantenia, the red- 
blind always recognize the red light by its being darker than 
the green, and the yellow by its being clearer or more bril- 
liant than the other two. The green-blind finds also, in lus 
turn, the Ted more brilliant than the green, and distiit- 
guisbes it by tliis. 

"The other eiplaaati on lies in the conditions under which 
an engineer has to observe the signals. First of all, wa 
must remember the great regularity with which all the 
details of railroad service take place. An engineer starting 
from a station at one end of the line knows very well in 
^ advance what stations to atop at, and which bo pass. Under 
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ordinary circumBtances he knows which light ought to be 
exhibited on the signal-poste above the several stations. 
The hand-lanterns are not as important, since their color ia 
I so eBsential, being supplemented hy movementa. Hence 
ia only under exceptional conditions that accidents can 
bappen at atalions from mistakes as to the color of fixed 
lights. There may, of course, be a nimiber of other cases 
exceptional to the ordinary regularity : but wo must here 
notice one circumstance, which probably has been and still 
's of very great importance ; namely, that tbe engineer ia 
not thq only one who has to watch for tbe signals. There 
is always with him the stoker, and near him a conductor, an 
oiler, &c,, to aid him at critical momenta. It muat be ex- 
tremely rare that all the personnel of a train are affected 
with color-blindnesa. 

" Considering only practically the fact mentioned, and the 
explanation we have given, one might perhaps imagine that 
color-blindneaa had some scientific, bat hardly any practical, 
interest, and hence that all the talk that has been made 
about its existence among railroad employes in our conntry 
was unnecessary ; because, as may be said, the color-bUnd 
have often been employed a long time in railroad service 
without its being noticed, and without accident or the slight- 
inconvenience arising; and finally, that, since they can 
reallydistinguish the signals (although this ia otherwise than 
by color), their kind of hlindneaa need not call for any pre- 
ventive measures. It ia thus that a great mauy persona still 

" We do not stop here to give the testimony of experience 
on this point in our country. One fact is certain ; namely, 
that color-blindness in other countries haa caused numerous 
and verf fatal accidents. Even if this had not been defi* 
nit«lj proved, it is none the leas evident that we have no 
right to await another such experience before passing to 
words and acts, and in every way showing, that, notwith- 
standing the numerous circumstances which assist the color- 
blind in responding to the signals, danger is not wholly 
avoided, and the uncertainty remains. This is readily 
shown. Neither the fact that the color-blind have been 
employed many years on the railroads without causing ac- 
cident, or even without their defect being discovered, nor 
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the circumstaDcea we hans cited in explanation of this fact, 
fumishea the least aaBorauce of security. 

" A typical colar-blind person cannot distinguish between 
red and green. This is an incontestable fact, readily ex- 
plained by theory, and sufficiently proved by experience. 
All his judgment as to the difference of colors rests, in codi- 
eequence, on conjecture. If, perhaps, exercise enables him, 
up to a certain point, to distinguish between the red and 
green railroad lights, this is dependent on the intensity of 
the light telling hira the color. But there is, of course, 
great uncertainty iu this means of reading the signals ; and 
the man who may he right in a certain number of speraal 
cases will surely go wrong iu some other. It is s principla 
not dependent ou theory, but confirmed by our experience in 
examining more than two hundred coIor-blind ; and we may 
extend it beyond the limits we have here kept, — in other 
words, to the majority of casea also of incomplete or partiai 
color-blindness. 

" That the situation of the color-blind in respect to aig'' 
nals may be tlioroughlj understood, we must here add a few 
important words on the point. What is the intensity of 
tight? Strictly speaking, it is nothing but the foroa of the 
impression of the light which our eye receivBH, Thia, how- 
ever, is dependent on two factors, — one, the quantity of light 
radiating from the object observed or reflected by it ; th« 
other, the strength or amount to which the eye re-acta \o 
this, or, in other words, the sensibility of the subjected Ti»- 
nal sense. We may readily understuid that both of theoa 
factors are extremely variable under the circumstances of 
the engineer's service. The amount of light which oomrm 
to his eye depends naturaUy on the amount reflected from 
the colored object, or which, for example, radiates from a 
railroad-lantern. It is very evident that this quantity ni»j- 
vary from many causes, such as the nature of the illumliut- 
ing material and the wick, the coloring matter of the glsaa, 
ita thickness, the peculiar property of the glass, &o. If a 
little moisture or smoke, vapor, ice, snow, &c., adheres to 
the glass, the lautem is less luminous. A lantern illumi- 
nates diflerently in clear from what it does in foggy weather. 
All this may give rise to mistakes. But, on the other hand, 
the sensibility of the eye differs greatly under different cir- 
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The nervous apparatus of the eye may, like all 
other parts of the system, vary iu its sensitiveness. The 
same light is brighter to a healthy eye in repose than to aa 
eye fatigued and weakened. Every modification of the in- 
tensity of the light is, however, for the color-blind a change 
in color. From this we may judge how little dependence 
can be placed upon a recognition of the signals which the 
oolor-blind gain from exercise. 

" Hence, if we admit among a large number of color-blind 
an estraordinary faculty gained by the exercise of the eye 
with different degrees of intensity of light, we must equally 
deny that this is sufficient for the security of the roads, as 
WQ cannot be assured of all the lantern-flames being of the 
■ame strength; all the glass of the same kind, of tiie same 
thickness, parity of color, allowing the radiation of the same 
quantity of light; and, finally, of the eyes of the employ^ 
being ^wajs at rest to the same degree, this being practi- 
cally impossible. No person in his senses would delibeiv 
ately trust his life in the hands of an engineer who could 
only distinguish the signals by the difference in the inten- 
■ity of the light. Ask any superior official of a road if he 
would bs willing to take charge of and nm a locomotive, 
assuming the responsibility, when uucolored signals alone 
were permitted, and a feeble light meant ' danger,' a medium 
one ' atlention or caption' and a strong one ' road clear.' If 
he says no, tell him that these are just the conditions under 
which every color-blind engineer has performed hia duties. 
The absurdity is evident at once. 

"The aid an engineer can expect front those within his 
reach is as little to be depended on as the intensity of the 
light, especially as he himself is directed to observe the 
signals, and is responsible for what happens. Without no- 
ticing all the possible cases when he may at the moment of 
dangei find himself without help, it will suffice to mention 
but a single one; namely, when his neighbors are also color- 
blind like himself. 

"To sum up; we may grant that a number of circum- 
etancea concur in rendering railroad accidents from color- 
blindness of the personnel relatively rare, even when no meaa- 
ores have been taken to avoid them, and experience has 
fortunately confirmed this opinion ; but, on the other hand. 
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it 13 aelf «TiiJent that such accidents may happen Bometimes. 
Here alao experience teatifles; and there are probably many 
more accidents due to this cause than those proved to htive 
60 occurred. Under these circumstaacea it is the absolute 
duty of railroad managements and maritime authorities to 
look to it that no measure which can aid in avoiding the 
possibility of these accidents shall be neglected, and to do 
all in their power to guard the lines of communicatioa in 
the land and on the sea against all the dangers ivhich 

Direct testimony on these points is of bo much 
value, that I quote from Dr. Magnus, who says, — 

*' I knew an engineer -who nas red-blind. Red and green 
were absolutely undistingnisbable to him ; yet he could tell 
the red from the green signal, from having cultivated his 
perception of the difference in the intensity of the light. 
However valuable this capacity may be for the individual 
color-blind, there is danger in it. It may happen — and, no 
doubt, often does — that the color-blind, by the cultivation 
of their power of appreciating varying intensities of light, 
conceal their defect, and induce their Burroundings to sup- 
pose that they are normal-eyed. But this cultivated power 
of distinguishing the lights by difference of intensity must 
always be a very unsafe artifice, which succeeds a hundred 
times to fail the hundred and first. It is, therefore, a very 
critical thing for a color-blind railroad employ^ — tor in- 
stance, an engineer — to be able to conceal his defect for any 
length of time. So long as he does, so long are the tr^ns 
in danger under his control ; for how readily may his artifice 
fail him by which alone he distinguishes the red and green 
aignal-lantems from each other I Only the most careful et- 
amiuation of all railroad employes can protect the public, 
which, thanks to our railroad authorities, is now conducted 
on all the German lines." 

Dr. Minder, in Beme, reports among his cases 
that of "a very intelligent young man who was 
red-blind, but was not aware of it. He held the 
position first of fireman, and then of engineer, 
on one of the Swiss roads. He was hardly at 
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work before hia defect troubled him. Thinking it 
was due to the spirit he drank, he stopped this for 
a while ; but, the trouble eontinuiiig, he became 
convinced that 'something was wrong ^vith him 
about the colors,' and left the distinguishing 
the signals to his normal-eyed assistant. When 
another man took this assistant's place, — who also 
seems to have been color-blind, — the work began 
to be 'uncomfortable,' As our red-blind engi- 
neer now had no control by his side, and very 
frequently was mistaken in his decision, there 
occurred a series of mistakes, fortunately only 
whilst manoeuvring in the stations, which brought 
bim occasional fines and other disagreeable con- 
sequences. 

" The red signal-lantern gave him the moat 
trouble, because, as he said, he could only distin- 
guisb it when so near with his engine as not to be 
able to atop, and hence run by it. He did better 
with the green signal ; and, when asked why, re- 
plied, ' Because it was brighter.' To the question 
how, then, could he tell the green signal from 
white, he, in a roundabout way, compared green 
to weak white ; and stated, that, with a lantern of 
white glass, he could, by screwing up and down 
the wick, and thereby changing the amount of 
the light, himself imitate the usual railroad-sig- 
nals. Very bright light was white; very weak 
light, red; medium intensity, green, — quite cor- 
responding to Holmgren's statements based on 
theory. The seeming impossibility of his power 
of distinguishing being dependent on the amount 
or intensity of the light, uiduced me to search 
farther, and ascertain what a complete color-blind 
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understood by pure white. I found for this, also, 
mucli greater color-sense than the normal-eyed 
possess. A whole series of color-blind were ex- 
pressly asked to select only the purest white. 
Of worsteds and papers they picked out, besides 
the wliite, several shades of bright green, gray, 
pure gray and dirty gray, light rose, and very light 
violet. 

" The possibOity that a color-blind may, through 
his life, under favorable circumstances, remain 
undiscovered, and as engineer or switchman per- 
form his duty, cannot be denied. That the filling 
such posts by the color-blind, however, is a con- 
stant source of danger, can be readily under- 
stood. For instance : a white lantern exposed to 
the weather by snow or rain, by the absorption of 
light from the dimmed glass, may appear green 
to a color-blind who depends upon the intensity 
of the light alone. So also a green light may give 
the impression of a red one. By the accidental 
use of thicker or darker green glass, or thinner 
and brighter red glass, the difference in the inten- 
sity of the light may also be destroyed ; and hence 
arise all the conditions for the occurrence of 



There is a point in reference to steam worth 
mentioning here, — viz., its varying color; and 
hence its possibility of causing mistakes. Pro- 
fessor Forbes, in 1839, noticed the sun, through a 
column of steam from the safety-valve of an engine 
on the Greenwich Railway, of a deep orange-red 
color. This he again noticed on the Newcastle and ' 
Carlisle road, and it induced him to experiment ' 
with white lantern-light seen through escaping 
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steam. It appeared red under certain pressure of 
the steam, and also green or violet under other 
pressure. Mr. R. Phillips, in 1852, followed this 
up, and found that the transmitted hght was red ; 
and the reflected, blue. Aa to this. Professor 
Wilson well remarks, " Now it must often fall to 
the lot of engine-drivera to watuh lamps through 
such an atmosphere, which will convert the (white) 
safety-signal into a danger-signal, completely alter 
the color of the (green) caution-signal, and so 
darken the aspect of the (red) danger-signal as to 
render it invisible," 

To the even very slightly eolor-hlind this will 
be intensified, and to the completely color-blind 
his only means of distinguishing the signals will 
be gone ; viz., the difference in the intensity of 
the light. 

One of the dangers from color-blindness on our 
railroads arises from the supposed cure or pallia- 
tion of it by exercise of the personnd with the 
colored signals, &c. Upon this latter point I dwelt 
when discussing the incurability of congenital 
colorJalindness. It becomes therefore necessary 
to here criticise Dr. Favre's ideas and proposals in 
reference to such exercise. The whole matter, 
however, is put so practically by Professor Holm- 
gren, and is of such importance, especially in this 
country, that I shall quote from him. In his criti- 
ckm of Dr. Favre's ideas, after speaking of the 
various ways the color-blind supplement their de- 
fect, he says, — 

" The color-blind railway employ^ liaa always a certain 
aaaiatonce at his disposal in distinguishing the flags by day : 
for he eees not only the flaga, but aleo the persoa who holds 
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them; a green grass-plot, Si tree, a. house, — in ehort, ob- 
jects whose color-name he already knows. The importance 
of tliiais the greater from what wo know of thevalneof com- 
parison in the use of our other sensea, aod hence, also, of oar 
color-perception. 

" From this it might be judged that it was a matter of 
indifierence whether the color-blind could be cured by exer- 
cise with colors or not, so long as the; can by other means 
distinguish the sigaals. We admit they are thus by day 
less liable to miatake them ; bnt we cannot grant more. The 
color-blind can, however, never tie sure, since they can never 
calculate i>eforehand all the circumstances leading to mis- 
takes. Sunlight on a green flag, with the surronndingB in 
the shade, makes it appear red to them ; or, what is worse, 
the red flag od a bright day, when in the shade and the sur- 
roundings bright, wil! appear green. 

" The condition is much worse with night service. No 
comparison ia then possible. Only the light itself is now 
visible; and what adds to the difficulty of diatdngnishing 
the color of a lantern as compared wiUi distinguishing a 
colored surface, is our accustomed way of using our senses. 
In fact, we do not take cognizance of the action of our sense. 
We do not ever think of the light radiating from or reflected 
by the object: we rather refer all these to the object itself, 
and regard them as inseparable attributes of it. We recog- 
nize the light of the lantern, without thinking of tha 
material on which it depends. We do not see the lant«m 
or the flame burning in it, but only the light which has 
neither the form of the lantern or the flame, but is isolated 
and immaterial in the air. Now the color-blind must dis- 
tinguish whether this is strong (colorless), medium (green), 
or weak (red). This ia asking more of the human eye 
than it can do with certainty." 

" The color-blind are therefore more often mistaken in 
diatinguishiug colored lights than colored aurfaces. If we 
show them one of the lanterns, they cannot distingubh it, 
unless previously practised. Showing them the red and 
green together, or in rapid auccession, they generally distio- 
gniah these from each other ; and, if we tell them the names, 
they remember and call them correctly. The red-blind find 
that the red of the signal-lantern, auch as used on tbe 
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Bwedish roads, is darker (that is, weaker in light) than the 
green. The latter, however, seemed to tlieni darker than 
common yellow light. The green-blind, on the other 
hand, find that the green light is weaker (that is, darker) 
than the red. With the next opportunity these color-hlind 
find tie same. Railroad employ^ are therefore rather 
esure; yet mach is dependent on the special lanterns 
1. One familiar with the nature of color-blindnesB will 
do better to use lanterns with different glass from that com- 
monly employed, when desirous of exhibiting the precise 
character of this defpet. Let him take one with a thin 
pale-red glass, and another with thick dark^reen glass. 
The color-blind will then readily take the green light for 
red, and red for green or colorless. If the glass of the 
green light is smoked, he will take it for red. Cover the 
colorless light with steam or dew, and it appears to him 
gieen. Or let one do as I, ^ namely, have lanterns, the 
gloaaes of which are prepared for this purpose, and differ 
from each other, some having colorless or so-called smoked 
glassof varying absorptivepower, — and they will quickly be 
conviDced that the color-blind ia guided iti his decision 
lolely hy ike inlensily of the light. 

" Another circumstance assists the color-blind in telling 
the lanttim's light at a distance, which is also dependent on 
the intensity of the light, though this comiection is not at 
! seen. It is the varying way in which the light radi- 
ates ontwards. This radiation is most intense with the 
ordinary lantern, since this is the brightest (strongest in 
light) ; whilst, when the lantern-light is weak (red or 
_ green), the radiation is very little or nothing. A color-blind 
railroad employ^ told me he thus distinguished the signals. 
It need be hardly said how unsafe this is." 

" We see, therefore, that practice is of no avail fgr the 
color-blind. Otherwise an employ^, who has had daily ex- 
ercise with the colored lanterns for a series of years, would 
have been cured of hia defect. A pretty wide experience 
baa, however, shown us that not one of the many color-blind 
vx have examined slood the test. We must confess that a 
large number, from constant practice, had attained extraor- 
dinary facility, and frequently told the colors correctly." 

" Ab a proof that comparison plays such a strong part, it 
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is often necessary to make special choice of the paiticolw 
lant^ma for the test. U we use the ordinary lanterns, the 
color-blind will only moke mistakes at the commencemenL 
If the; aee all the three lantem-ligbla together, they are 
deceived much more seldom. A colorless glass, with mois- 
ture on the surface, will at first be readily taken for green; 
a smoked green glass, for red." 

There is another peculiar danger on railroads. 
A mixture of the two complementary colors, red 
and green, necessarily employed, produce whito 
light. This, of course, does not affect the color- 
blind in the same way as the normal-eyed ; yet it 
adds to their confusion. The law of tlie mixture 
was naturally well-known ; but Mr. W. H, Tyndal, 
in 1853, first, I think, called attention to its veiy 
practical bearing. He says, — 

" Now, we have this curious fact, that on the rulways the 
union of the two colore — the primary red to indicate danger, 
and the secondary jreen to denote caution — together maJiea 
white, the signal for entire safety. This, perhaps, does not 
practically appear in experiment, when the mind ia on the 
alert to distinguish between the two colors. U the rays 
from a green lamp, such as are used on railways, are thrown 
upon a white board, and those from a red lamp are directed 
to tie same spot, — the distance of the two lamps from the 
board being equal, — the red rays, though rendered paler, 
predominate. There is, in fact, too much red. But the 
red lamp may be removed so much farther from the board 
than the green one as to allow the green rays to predominate; 
and there mast be a x>oiat of distance where neither color 
would predominate, and at which tlie mixture of the rays 
on the board would be white. I recently made an experi- 
ment on one of the metropolitan railways witli a green and 
a red signal-lamp. A man was stationed at the end of a 
tunnel, about four hundred yards long, and directed to wa?e 
the two lights together. The pointsman at the other end, not 
knowing any thing of the nature of the eiperiment, was 
asked what light was waved. He was satisfied it was white, 
and could not be persuaded that two lights — a red and a 
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green — were really nsed.alUiough the matter waa afterwards 
esplained to him. Now, it may sometimes happen that, in 
rapid travelling, the rajs from a red lamp and a green one 
shall flash together across the sight of an engine-driver ; or 
the noBteady motion of an engine may render the drirer nn- 
able to see distinctly and separately two signals of different 
colore, the raya from which may f aU upon his eye in parallel 
lines. Tn either case it is not improbable that the light 
might be regarded by him as white. A light may be dia- 
cemed without the color of it being distinctly seen. In 
Bach case it would most likely be regarded as white, — that 
being the most common. It is not improbable that some of 
the accidents which have occurred in railway travelling have 
arisen from the colors of the lights shown being indistinctly 
Been ; perhaps from a contusien of rays from twQ or more 
lamps. In some cases most contradictory evidence has been 
given as to the color of the signal shown. The subject ia 
perhaps worthy of the attention of railway engineers." 

The following ia an interesting proof of how a 
shrewd observer may, horn lack of knowledge of 
the peculiar condition above explained of the 
color-blind's perception, fail to explain cases pre- 
sented to him : — 

Mr. Thomas Nelson, an optician in Chicago, 111., 
in an article in " The Chicago Railway Review " of 
March 30, 1878, says, — 

"I have kept records of various accidents that have oe- 
ed, both upon land and water during the past few years ; 
and I have gathered such information about some of them as 
I could get outside of oflicial sources. Often T was unable to 
get any of any value ; but I am convinced beyond a doubt 
that a large proportioik of them could have been traced to 
color-blindi^s for a correct solution as to the primary causes 
of the accident. The qaery has been made, that If these 
defects in their various forms are as numerous and of such 
a dangerous character as has been shown, how can we ac- 
count for such a comparatively small number of accidents 
occurring which might be charged to them '/ I have attrib- 
uted it to the high average intelligence and acquired cau- 
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tdonsness of engineers and pilots as a claes. Thej have be- 
oome so accustomed to be on the lookout for danger, that 
their anspicions are easily aroused, which creates a sort of 
inatiiict that governs their actions, and the; do not recognize 
bnt that their perceptions are correct. Mj convictions in 
this respect have been greatly strengthened within the past 
few months, there having been related to me some experi- 
ence with an engineer, who was continually making narrow 
escapes ; and, after watching his actions under differ«>it cir- 
cumstances for a time, color-blindness was suspected, proved, 
and afterward acknowledged by him. The correctness with 
which he formed conclusions under the existing circum- 
stances would indicate that he hod some means by which he 
was enabled to form a plan of action ; but he declared that 
he had nothing upon which t« base his actions but the oau- 
tioosness acquired in that branch of service." 

The means he had to assist him were of course 
the to biin varying intensity of the light, when red, 
green, or white. This is an interesting proof of 
how totally unaware a color-blind may be of the 
.wai/he supplements his chiomatio defect, as also 
how he may escape detection. 
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BAKGEHa FEOM COLOE-BLINDNESS ON THE OCEAN. 

Ip we turn now from the land to the aca, we 
ehall find the dangers from color-blindness as 
great, or even greater. The largest majority of 
those color-bliad are so for red and green. These, 
however, are the colors necessarily chosen by all 
nations to be by law carried on the two sides of 
all vessels from sunset to sunrise, — the green 
light on the starboard side, and the red light on 
the port side. These are so arranged that they 
can only both be seen when the vessel is directly 
ahead, and far enough off to allow us to see both 
sides. These lights show us, therefore, the position 
and the direction of motion of a vessel. Mistaking 
their color will of course he most disastrous. 

Dp. Romberg has classified the reports of some 
maritime accidents from 1859 to 1866. They 
number 2,408. 
Want of skill, or carelessness, of the ship personnel, 

or the accidents which it was impoasible to prevent 

or aToid 1,662 

Error of the pilot or cfiptain 215 

Want of observation or proper interpretation of the 

rules of the way 537 

Undetermined causes 94 
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Under the last three heads, in the large naml 
of 846, there are probably some attributable to 
color-blindneas. They all are not accidents from 
carelessness or want of still; for those are ia- 
cluded in another series. 

M. Lfionee Raynaud and M, Degram have dem- 
onstrated the effect of fog on the color of lights. 
Fog or mist makes white lights reddish. In thick 
weather green lights appear white. A sailing- 
master meets a green light rendered pale by a 
thick night : in whatever amount he is color-blind, 
in that degree will the light appear white to him, 
causing most dangerous hesitation; or, even if 
convinced he has not a green light ahead of hinj, 
he manoeuvres as if it were a red one. Color- 
blindness may therefore well be considered aa one 
of the causes of collision at sea. This imperfec- 
tion may, however, occasion the loss of a vessi 
another way : I mean in the recognition of lights 
on the co^t, &c. Dr. Feris reports three casea of 
such mistake from the " Annales du Sauvetage 
Maritime," vol. iii., 1873. He says, — 

"If color-blindnees is considered a grave danger on rail- 
roade, how much more on the eeal Colors are veiy impor- 
tant to the mariner: the flags, the eide-Iights, and evei 
lighthouf^s and buoys and beacons, present variona a 
It is impossible for a helmsman or a signalman to interpret 
or transmit signals if they have no appreciation of oolob 
Errors with flag-signals ate not so likely on board of vessetii 
aa they are employed in daylight, and mora often controlled 
by officers in charge. But the men at telegraph-eta tions are 
often alone, not under observation, and hence more likely to 
make mistakes. National flags may be mistaken, but roars 
especially the nhite, red, and green Bengal tights used as 
night-signals. ... If good color-perception is necesiBtu; for 
a helmsman, how mnch more for the commander of a ve 
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i of collisions at aea ia an indiBpntable facL 
How many rpinaiu unexplained, or referred to another 
cause, which are no doubt due to the color-Uindneaa o£ a 
BicglemanI" 

■The testing for color-blindness has already com- 
menced in the navies of Prussia, Russia, Norway, 
Sweden, Denmark, and Austria. My friend, Dr. 
Ed. Hansen of Copenhagen, writes me, June, 
1877, — 

" I have had the opportunity of examining a large num- 
ber of the individuals who enter the royal nary: I hope 
some day to be able to gi<re yon some statistical information 
on this point, if yon still take an interest in it." 

Professor Holmgren reports as to the examina- 
tion of 4,225 Swedish sailors, finding 94 (or 2.22 
per cent) eolor-bhnd. 

Dr. Lederer was appointed by the medical de- 
partment of the Austrian navy to test sailors at 
the naval station at Pola. He examined of the 
sailors at the station and on the artillery school- 
ship "Adria" 1,312, finding 63 (or 4.8 per cent) 
color-blind. There has been some misunderstand- 
ing as to bis report due to his employment of Stil- 
ling's cards and pieces of colored glass and paper, 
instead of Holmgren's infinitely more sure 'and 
ready method with the worsteds. 

Dr. Feris of the French navy found, among 501 
officers and men, 47 " who presented in varying 
degrees an alteration of the chromatic sense." 
Their ages were between seventeen and fifty years. 

Dr. Favre, in France, records the examination 
of 1,050 men for the navy or lighthouse departs 
ment, and finding 61 (or 5.8 per cent) more or less 
coloi>l)lind. In discussing the question, he ^o 
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makes some remarks in reference to the losa of the 
French steamer " Ville du Havre " by collieioii 
with an English sailijig-vessel. Tliis fearful acci- 
dent moat painfully interested ua Bostonians, since 
so many were lost from our midst in that ill-fated 
vessel. I have frequently expressed in private 
my own suspicions that the accident may have 
been caused by color-blindness; but I will here 
simply quote Dr. Favre: — 

" Alter the loss of the ' Ville du Havre,' the newspapers 
which described the collisioD stated moat positively that the 
green light was not recognized in time. I£ the steamer's 
officers and crew, who should have seen the signal-light, 
were never tested for color-blindness, there is one chance in 
twenty that the officer or sailor whose duty it was could 
not distinguish green, and one in seventy-five that he would 
confound this color with red. We know how the matter 
ended. The English admiraHj decided that the English 
vessel was free from all blame, and the French admiralty 
declared that tha French vessel could not be in any way 
criminated. No one thought of attributing the nustake to 
the very probable one of color-blindness." 

I lately had curious proof of the color-blindness 
of a sea-captain, who, I understand, has now retired 
from active service. He was in the habit of work- 
ing worsteds to while away the monotony of a aea- 
voyage. These worsteds, however, always had to 
be picked out for him, and the colors marked, to 
avoid his making mistakes. 

Dr. Daae of Kragero, Norway, in a lecture on 
color-blindness, given April 10, 1878, before the 
Medical Society of Christiana, aaya, — 

" We must admit that the possibility of confounding the 
signal-lanterns in general is not so great on the railroads ss 
on the sea. On the roads the glass of the lanterns, at least 
Trithin the limits of each country, has a somewhat definite 
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red or green color, which even thoae quite color-blind leam 
to distinguish b; the difference in the intensity of the light 
The Bigoala, moreover, come at stated times and places, 
so that it is known nbere they are to be expected ; and thus 
they can be seen and distinguiaheJ at leisure, as it were. 
Not 80 on the ocean. In the lanterns of the various vessels 
the color of the green or red glass varies considerably. The 
green glass varies also mora ia intensity than tone. Now 
suppose no signal-light has been seen for some little 
time, when suddenly a red or green one appears, and but 
The question is then, Is this a red or green light? 
The vessels are close, and instant decbion is necessary. Or 
several lights are seen, and the ship we are in is sailing be- 
fore the wind, and hence bound to keep out of the way. 
Moet old sailors can remember cases where those on board 
) not agreed as to the color of a lantern. 
But bow can having rules forthe marine of one country 
only be of avail? On the ocean vessels from all parts of 
iiie world pass each other. When two vessels meet, it will 
help but little ii the officers and crew of but one vessel have 
normal color-perception. If there are color-blind on the 
other vessel, collision may occur. 

" As to the railroads, it is not of such importance that 
the requirements as to color-blindness should be the same in 
all countries. K one country has one set of regulations, and 
another a different one, whilst the third requires no esarai- 
nation, it concerns only the individual country itself. But, as 
to the marine, it is necessary to have an international law." 



The test for color-blindness now being so simple 
as to be readily carried out by the surgeons at- 
tached to vessels, especially naval medical officers, 
there can be no great difficulty in having an in- 
ternational commission meet, and frame the laws 
I which shall govern all the navies and merchant- 
e of the great maritime nations at least. It 
would then be as readily recognized that every 
officer and man must be as able to perfectly distin- 
^^ guish the red and green lights as to know where 
^B they belong, and what they mean. 
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CHAPTER XVI. 



I HAVE given the atatistica of the frequency of 
color-blindnesa in Europe from many observers, 
and in this country from my own testa. Its frfr 
queney, also, among railroad employ(!a and sailors 
has been proved by European research ; unforta- 
nately not yet in the United States. I do not 
think any one will now doubt that from two to five 
per cent of the men absolutely daily empfoyed on 
the raUroada in this country are probably eolop- 
bliad. This granted, we are at once asked, Why 
not, then, use some other colors besides red and 
green ? and, when this is answered, why not use 
form instead of color, or the grouping of several 
white lights, &c. ? 

I waa long ago convinced theoretically of the 
possibility of substituting form for color by day on 
the awitchea, and equally of the imjioBsibUity of 
substituting any other colors for red and green as 
night-signals. Experiment and observation have 
now convinced me practically that the railroads 
cam uae form instead of color by day, and can 
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snbstitute form for color by night. Red and green 
are the colors which we must select as being most 
in contrast, and also for many practical reasons 
in reference to the glass, &c. This I have repeat- 
edly shown at scientific societies. Experiment 
also has proved to me that red and green must be 
nsed as night-signals on the sides of vessels. This 
natter is, however, too important for me to simply 
give my own unsupported opinion. A color-blind 
has gravely discussed with me the necessity of 
changing the signals to meet his difficulty, saying, 
" It was not right to throw a man out of his em- 
ployment for a congenital defect, incurable." We 
have no better authority than Professor Holmgren, 
who explains and discusses this question of other 
colors or form, &c., so thoroughly and so practi- 
cally, that I must quote his remarks verbatim. As 
to the modification of the signal system, he says, — 
" If congenital color-blindness ia incurable, — orat leaat if 
Tre know no actual remedy for it, — it is necessary to devise 
iSome other method (while retaining the color-blind in the 
employment of railways) of guaranteeing the communica- 
tions against any mistakes they might commit with regard 
to signals. It is seen by what precedes that these errora can 
Wd must occur in the use of the signal-colors generally 
-adopted, — red, green (and yellovi). The color-blind has only 
two primitive colore ; whilst the normal-eyed, according to 
Qie Young-Helmholtz theory, has three. But the usual rail- 
road sign al-colore are just those primitive ones which neither 
the red nor the green blind can perceive. This choice seems 
therefore unfortunate. Wilson is of the same opinion. If 
led and green color-blindness are the kinds of complete or 
partial blindness which are most generally seen, it would 
•eem that the difficulty might be considerably diminished, 
if, in place of using the actual colors, those should be se- 
lected best suited to these kinds of color-blindneas, altiiough 
fliey might not suit the third kind of partial color-blindness, 
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or TiolBt-blinJnesa, which, aceording to tie experience ao- 
quired up to the present time, relatively very seldom occqts. 
" Undoubtedly the principle we have endeavored to e»- 
tabliah would not be radically enforced ; but the practical 
result at least would be comparatively nearly accomplished. 
As the color-blind has but two principal colora, or two classes 
to which he can refer all the colors, it ia evident, that, to 
select two colors that he can recognize and diatinguiah with- 
out the least hesitation, it would be necessary to select one 
from each class. In this way it is always possible to bear 
in mind that each kind of color>b]indaess will alwajrs be 
able to find two colors distinctly defined, but not more than 
two. Itia therefore necessary, first, to ask how far two colon 
for signals could satisfy the deiaands of railways aod the 
navy. As regards railways, it is claimed, and it may be 
conceded, that in case of necessity, and perhaps without too 
great inconvenience, two colora might be made to answer, 
it ia certain that three colors are a great improvement upon 

"It is scarcely necessary to discuss this point, since it is 
only with railroad-signals aa with all other signs of comma- 
nication, — the more numerous they are, the more serviceable 
are they, and the more complete can be the communications 
they give. The oolor-aense is the best proof of this; for 
certainly the normal-eyed, with three principal colors, has » 
more complete and acute impression from the manifold 
colors of tjie estemal world than the color-blind who has 
but two fundamental colors. 

" Let us admit, however, that two colors would answer, 
and that it were deaired to sacrifice the advantage of three 
colors for another advantage,— namely, that of retaining ia 
the service of railways the color-blind: there will still re- 
main the neceaaity of making a good selection of these two 
colors. This ia more eaaily said than done. The choice 
must be so made that one color may be selected from eaofa 
of the two groups in which all the colors are classed ac- 
cording to the system for the color-blind. Now, it is found, 
as we have already seen in the instances of the principal 
colors of the red and green blind, that, amongst the seven 
colora of the rainbow perceptible to the normal observer, four 
—namely, red, orange, yellow, and green — belong to one 
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class, and three — especially blue, indigo, and violet — to the 
second. Conaeqnently, one o£ the colore must be red, orange, 
yellow, or green ; aud the other, blue, indigo, or violet. It 
should very naturally be our object to give the preference in 
the selection to the colors wlueh most strongly aSect the eye 
at the time of the comparison. Now, the moat intense 
colors of the spectrum — that ia t« say, the most vivid colors 
which enter into the white light of the sun — are yellow and 
blue, one of each of the two groups. We then select them, 
the more willingly that the light of tiie lantern is, without 
any preparation and to a very high degree, yellow, though 
it ia not homogeneous. But we are far from being bo fortu- 
nate with regard to blue. We here encounter a difficulty, 
OB the contrary, which induces us to doubt whether a change 
oE colors will accompliah the desired end, 

" On all colored aurfacea — flags, paintings, aemaphores, 
&c. — employed by railways to reflect daring the day the 
innlight or daylight, the proposed colors answer perfectly 
without any doubt, and, in all probability, no color-blind 
individual of the kinds Bpeeified would nominally make mis- 
takes of judgment. But the night-aignala are quite another 
matter, and 'are by far more important for many reasons. 
This is, therefore, why we prefer to attach here so much im- 
portance to them, as during the day a multitude of different 
circumstances might give warning of danger, while during 
the niglit the colored light ia the only signal which indi- 
cates it. 

" The colored lights used for night-signala are made, as 
all know, by placing colored glass before the flame of a lan- 
tern. The use of Bengal lights as regular signala could 
scarcely be introduced into practice. Now, a colored glass 
produces a colored light, because, of all the kinds of Ught 
radiated from the flame, but one kind (or at least mainly 
one kind) is allowed to escape, while all the others, or a 
greater part of the others, are absorbed by the glass. Thus 
blue glass, according to its thickness or degree of coloring, 
absorbs all the other kinds of light emitted by the flame of 
the lantern, allowing only the blue rays to escape. But, 
unfortunately, as ia well known by direct experience, the 
flame of the lantern emits comparatively but a small amount 
of bine light when rape-aeed oil and photogene, or generally 
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Kttj of oar ordinary sooicea of utificial light, a 
and this is why all appear yellow or red when compared with 
the light of day. Cnder such ciroamstances blue glass can 
natiually transmit only a small amount of blue light; and | 
the light of a blue lantern must, consequently, always ba 
Tery feebly luminoos. 

" Of course the intensity of the light will greatly depend ' 
on the thickness of the glass. Bat what is gained in inten- 
sity by a thia glass is lost ia color ; for, whilst thin glaaa in- 
creases the intensity, through it will pass, besides the fewer 
blue raya, also the red and green. Uence the blue rays be- 
come, in an inverae ratio to the thickness of the glass, more 
like those from an ordinary lantern, and therefore, to a ob- 
tain degree, white light. The light is in consequence Teiy 
weak, since only enough red and green light passes through* 
tlie glass to balance the blue rajs. ' 

"What we have just said of blue applies equally to indigo I 
and violet. The proposed changes of the colora of signals 1 
furnishes, therefore, bat two colors in place of three ; and I 
then one is a very feeble light, so that it is difflcult to ses ^ 
it far ofi when sufficiently colored. This state of thing! 
scarcely holds out mach inducement to introduce a »■ i 
form of this nature. And it seems the more dangerona J 
that this change of colors in the signals would cause tbow J 
with normal sight amongst the personnel to run the bi 
risk that the really color-blind do: I mean that they would H 
be forced to distinguish and judge the night-signals alonfl 
by the intensity of the light. The safety of the service, u 
we have shown, would gain nothing, and it would be diffi- 
cult to find a conscientious man desirous of continni 
work under these circumstances. Such a reform i 
o£ the color-blind would, de facto, shut ont a i 
number of normal-eyed. 

" We have beard that blue lights are used on 
can roads. This we are not able to deny, bnt d 
assured that all the American employes ci 
signala there used, and then learn all the details o 
road accidents which have happened in that 

" The result of all that we have just said is, it si 
that the proposed change of the signal colors i. 
practical, and such would be the case with any ol 
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of two colora. It most at least be conceded that the new 
■ignal-colors would be to every normal observer worse than 
those now in use with us, aa with nearly all nations : in 
brief, if they were adopted, it would diminish the piiblio 
safety. We roust add, that, by adopting them, the principle 
we have explained is not taken into consideration, according 
to which it is necessary to use a system of signals adapted 
to all kinds of color-blindness, since the violet-blind are not 
able to diatingTiiah between yellow and blue. The proposed 
change should therefore be rejected, it seems to ua, on erery 
practical consideration. 

''(2d) CotoHtss Light and Darkness, Black and WhUe. — lt 
has been seen that it ia impossible to hope for colored eignaJs 
oniting every one, color-blind or not. It becomes necessary, 
therefore, to try to deviae a plan for esUblishing a systom 
of signals independent of colors, and baaed upon the mtro 
doction of a colorless light of different degrees of intensity. 
We have already discussed the most important of the points 
in reference to the intensity of light. While there is noth. 
jng more sensible to our sight than the relative intensi^ ^j 
two lights placed side by side (when the absolute inteiiajt„ 
does not exceed certain limits), in the present cass the onjy 
oompariaon involved is made from memory, so to spe^ 
which is equivalent almost to an appreciation of the aba^^ 
lute intensity of light. We are so far from being abJe (^ 
judge of this, that, in spite of a deeply felt need and c^^ 
stant efforts, science even has not succeeded in disoovei^ " 
Boitable measures to apply to it. S 

" It is, however, necessary to acknowledge here that a ^ 
tcm of signals based only on two extremes of intenait^^*- 
light — namely, on light and darkness, white and b[^^ ^f 
ought to suit lie normal observer as well as the coior-bl" — 
Moreover, such a system ought to satisfy all exigencies **'!. 
Tided it is practically applied, and that two signals oniy^'^v 
intfBcient. A white and black flag, &c,, would fully g ^re 
during the day : but such would unfortunately not b^^*'" 
case at night; for a black light is a contradiction of . ^be 
and it would ba necessary, consequently, according to^*""***. 
system, for the night, when signals are of the greatest i *^'8 
tance, to be limited not to three, but to one signal only , Pw- 
_lhB abeence of all signals could be considered aa one 7'^ss 
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it might be well asked, whether the better syBteia is not Oia.i 
which is baaed on the alternations of darkness and light; 
that IB, movable signals or eclipsed signal-lights. But we 
will not enter a field nnfamiliar to us. We cannot, however, 
but have a sensation of dread at recalling the varioos arti- 
ficial means railroad management would have to depend 
upon for the purpose of retaining or accepting the color- 
blind in service. As far as we know, no system has yet 
been discovered, baaed upon the principles alluded to above, 
which could advantageously take the place of the one actu- 
ally in use. 

" (3d) Form, Movemettt, Number. — If we do not sncceed in 
finding a suitable system of signals, based on the differencea 
of the quality and quantity of light, there remains but to 
appeal to some arrangement in space, if absolutely limited 
to the visual sense. 

" Of our other senses in reference to recognizing signals, W8 
might, besides the eye, appeal to the ear. Both can receive 
impressions from a great distance. But for our purpose the 
ear is still less adapted than the eye ; and the former can 
only bo regarded as secondary for certain definite purposes, 
or at short distaneea. For example: in foggy weather the 
whistle and hell are used, &c. Many different ways suggest 
theraselvea of varying the signals by form and arrangement 
in space; large brilliant surfaces arranged in different forma; 
several small lights grouped in different positions with refer- 
ence to each other; iigbta simply disposed, but differing in 
value as signals according to their number, or else illumi- 
nated figures of simple colors, and produced by different 
movements, and so on. A practical difficulty seems to bo 
connected with such a system : the signals require the illu- 
minated surfaces to be large enough, or placed at distances 
considerable enough between the luminous points, to appear 
distinctly afar off. Now, the larger snch a figure, having tha 
outlines marked with luminous points, the greater the risk 
that a portion of it be hidden by other objects intervening 
between it and the eye. These two inconveniences must be 
apparent, particularly if these surfaces and illuminated fig- 
ures have to he placed at every point where colored lanterns 
are found; as, for example, on locomotives and cars. More- 
over, it will be very di^colt to place these signals ti oil 
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points of the road where accidents may happen, lliese 
doubts are perhaps gronndlefis, aud possibly better not ex- 
pressed, as being out of our range. 

" It is rather our purpose to discuss this jwict generally, 
and esamine it scientiflcally. We would say, therefore, that 
our eye can more readily detect diflerence in color than 
difference in form. The reason of this is very plain. The 
retina alone, of all the several parts of the eye, miut be 
reached by the light, to give ub a definite form or definite 
light. For the light to reach the retina, all parts of the 
eye in front of it must be transparent. When this alone is 
the case we can perceive the color of an object or a light; 
bnt if its form, is to be appreciated, not only must the light 
reach the retina, bnt it must affect it strongly and definitely 
to give na a clear picture of the object. The difference, as 
we see, is great The whole dioptric apparatus of the eye is 
necessary for the form of an object to be perceived, whilst 
such apparatus is superfluous for simply color-perception. 
The greater the number of the active agencies necessary to 
accomplish a certain nork, the greater the sources of error 
in the accomplishment of such work, All organic diseases 
of the cornea, the crystalline lena, or the vitreous humor, 
"linder the perception of the form of an object, but not of 

color. The advantage as respects color-perception from 

9 ia all the more when we remember that the most fin- 
ished dioptric 'apparatus of the eye is relatively imperfect; 
and this imperfecljon is still further increased by many 
anomalies. What would a sailor do who had to determine 
the form of an illuminated object by the help of a poor spy- 
glass, the glasses of which were dirty, broken, or badly 
groond? Probably he could not do it; whereas he could 
decide the color of the light in spite of hia poor instni- 
ment, which would simply reduce the brightness. 

"If the system of signals were based upon tonn, and all 
persons discharged from the service of railways, who, in con- 
Beqaence of an imperfection of vision, could not clearly and 
decidedly distinguish these signals at a distance, tlie propor- 

1 of Bach would be larger than that of the color-blind. 

form an idea of the different capacities of the normal eye 
irious senses just mentioned, we will recommend a 
pie experiment. Take something, — colored paper, 
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for example; make some plain figures, sach as letters, one 
of which must be attached vertically to a lai^e black or 
white surface, Td prevent any distraction from subjectiro 
influencQs, let some one else select and attach this letter, , 
while the observer stands at snch a distance, that, even with 1 
the eje directed toward it, but a single object can be seen. 1 
If the letters are small, it is not necessary that the distance 
should be very great. Then, if the symbol be slowly ap- 
proached, witb the eye fixed on the colored surface, the 
following observations in the order in which the different im- 
pressions succeed each other will be made : When the letter 
is first perceived, neither form nor color can be distin^nisbed. 
Kbthing is seen but a point or patch darker than tiie back- 
ground, if that be white; or lighter, if it be black. The first 
attribute remarked, as the distance diminishes, is its color. 
When the color is very distinct, it is necessary to approa*^ J 
oonsiderahly nearer before the form is perceptible; thatii 
to say, before this letter can be read, and its name given. I 
This simple experiment clearly shows that the eye, as far aa ] 
it is x>essible to compare its capacities in different dlrectioiu^ f 
is first sensible to the relative intensity of light, then to j 
color, and finally to form. It would be necessary, of course^ J 
to consider various circurastancea relative to the choice of I 
color, form, &c., if the experiment should be made with er- I 
actnesB to serve aa a basis for a scientific demonstration. J 
Wbat wo have said suffices, however, to point out what di* I 
rection a reform in the signals should take, granting that I 
any such change is desirable. If a aignal system could ba I 
foimd and practically introduced which depended on li{;hi n 
and dark, then it would be preferable to the present in i 
If snch fails, then we must consider the present as the most 
practical, becauae baaed not only on the principle of the 
difference in the quality of light, — that is to say, on color, 
— but also because just those colors have been chosen which 
practice has proved to be best suited for the purpose. Ex- 
perience also seema to have decided La favor of this system; 
since, in spite of the substitutes proposed with a, view to 
tain the color-blind, it has up to the present time maintained , 
its ascendency, so to speak, tliroughout the entire world." 



Aa I have 



said, oiir very practical Ameii- 1 
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can people have gradually discarded the use of all 
but red and green lights on the railroads, with but 
few exceptions. On the sea, of course, the use of 
other than red and green signals is impossible. 
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CHAPTER XVII. 



BECESSITY AND DIFFTCULTr OP CONTBOL. 

Are there no measures now taken in the United 

States to avoid danger from color-blindness? will 
here at once he asked of me. I would much lite 
to have been able to report on the some two hun- 
dred railroads of the United States in respect to 
any examination of their employes as to colore 
blindoesa. It is, however, a delicate question. 
From what I have learned, I conclude that here 
and there railroad superintendents keep it in mind ; 
and when, from accident or otherwise, suspicion is 
aroused in reference to an employ^, the latter is 
tested by the superintendent with the flags or lan- 
terns used on the road. This suffices. No medical 
man — and much leas an expert — is called upon 
to decide. If, anywhere in this country, there is 
at this time any thing like a systematic test for 
color-blind nes3 of the personnel of the road, I shall 
he agreeably surprised to learn it. There may be 
— biit I do not know of any — salaried railroad 
surgeons in the United States, whose duty is wholly 
with the road, and who could learn to test for 
color-blindness. Even when a test of an employ^ 
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has been reported to me as made, I have had no 
proof that it was not simply lack of good eyesight, 
and not lack of color-perception. I shall be oaly 
too happy to he corrected by the management if J 
am wrong in stating that the railroads of thig 
country are not more protected from the danger 
of color-bliiidnesa than were the roads of Europe 
before the very recent successful systematic effoi^^ 
on the part of those from whom I have quoted ij^ 
this volume. I believe practically nothing is ^. 
present sure to protect the community in tj^j 
respect. 



In the merchant-marine service I very m\x, 



doubt if it is any better. I have been told C; 
naval ofEcera that care is taken in this respect 



far as to look out that the men make no mistf^;^ 
as to the port and starboard lights ; but I have j, 

ion 



learned that any systematic scientific examinatj 
of the 



: naval personnel is carried out by the ^ 

g^^ of the navy. I believe I am right in sayj^ 

this also of the army. But both army and ti^ ^ 
surgeons are eminently qualified to learn an(J ^™ 
the present methods of testing for color-blindu 
the danger from which they can equally appreciate ' 
The government can, and no doubt soon ^11" 
carry out proper examinations for color-blindneija 
in the army and navy. General national lawg nan 
also be enacted as to the merchant-marine ; intp- 
national will come in time as a matter of necesaitv 
The difficulties with the railroads are, however' 
very great. Here the interests and safety of 
the community have to contend with ignorance 
prejudice, pecuniary considerations, and incredulitv 
'wm of supposed immunity from danger. These 



I 



I 



178 COLOR-BLTHT>NBBS : 

corporations have no Burgeons attached to their 
roads, who, in their interests, could carry out proper 
exarainationa to both protect themselves and the 
community. Even when interest is awakened 
from acknowledged danger justly feared, railroad 
managers are very likely to turn to any one calling 
himself a medical man, and rely on his statement 
as to his ability to examine and pass judgment on 
their employes. Then, when they are satisfied 
from Ms reports that they are safe, and accident 
happens, color-blindness is proved in the employ^ 
before the court and jury, and at once undeserved 
miscredit is thrown upon the surety and useful- 
ness of such examinations. It is therefore with- 
out hesitation that I would caution as to the choice 
of those to be engaged in testing railroad employ6a 
for color-blindness. The life-insurance companies 
of the country recognize this most thoroughly, — 
so much BO, that examination for life-insurance is 
almost a specialty. 

We can scarcely hope for such practical good 
results as were shown in Sweden, where, by the 
simple efforts of one scientific man, all the railroad 
employes of the country were in a few months 
tested, and laws to govern the future made and 
enforced ; yet exactly the same is possible in this 
country as there. Either the state governments 
or the Etate railroad commissioners can require 
thorough examination of all employes for color- 
blindness, or the railroad managers can do it them- 
selves. It is with some natural curiosity that the 
solution of the problem will be watched. In one 
of these ways this safeguard to travellers must 
come, since they will learn the danger they incur i 
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as quickly as the railroad corporations the danger 
they subject them to, not to speak of possible 
damages recoverable after an accident due to color- 
blindness. Not only must railroad employes and 
mariners have good eyesight, but they must be 
proved to have normal color-perception. 

Professor Holmgren is at the head of the control 
in Sweden; and his practical knowledge and ex- 
perience render, of course, all he says of great 
value to us about to commence this work here in 
the United States. He states as follows : — 

"No half-way meaanrea are allowable. All employea 
with defective chromatic vision must be removed from poata 
of danger. They should be required to distinguish the sig- 
nals by their color as the normal-eyed can. The violet-blind 
may be allowed on the road. This defect is so rare aa to be 
BCarceiy ever met with. There are, of course, positions on 
the road not requiring the reading the signals; but it is a 
bad plan not to be able to call on any employe ia an emer- 
gency. Any method of testing for the elimination of the 
color-blind will be in place which is luio cUo e( jucunde, 
the carrying out of which gives the beat results in the quick- 
est time, and is open to the smallest amount of difficulties 
and misunderstandings. It must not fail to detect a color- 
blind, or prove that an employ^ is normal-eyed. Whilst 
there must be no question of thoroughness, it ia to be re- 
membered there are hundreds to be eiamined, and but little 
time can be given to each individual. We cannot have 
heavy or costly apparatus to be transported. These points 
ate to be considered in reference to any method." 

" Testing should be only in the hands of those who onder- 
■tand it. On the roads and in the marine the surgeons have 
the Bcientiflc knowledge necessary to carry out examinations. 
On board ship the sailors could be at least roughly tested by 
the captain. There are cases where a specialist '^ould need 
to be employed to decide whether color-blindness eiisted or 
liot, as an ordinary surgeon would shrink from answering 
because not in position so to do. So, also, a specialist would 
be called upon to decide whether the defect was simulated." 
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" There is a difference tc be made between those in, and 
those seeking, aerrice. The latt«r we can have time for in- 
dividuallj. The former, nfaen a general examination is 
undertakeo, requires from the numbers great care and decis- 
ion. A thorough examinatign would seem to insure safety; 
but ocquired color-blindaeaa must be remembered. And if, 
as is claimed, color-blindneas may grow better, it also may 
grow worse: hence the necessity of continued vigilance, and 
watching for cases from disease or injury, in addition to the 
thorough examination for all congenital cases. The possi- 
bility of an employe claiming to have been made color-blind 
by accident, after baring been received into service and 
passed liis color-test, is a matter also to be thought of. 
Color-blindneaa from railroad iDJvtry has been found by Dr. 
Favre for instance. The rights and claims of the road, or 
ratlier the public and the individual, are often nicely bal- 
anced, and great circumspection is necessary. Severe dis- 
eases like typhus, as vrell as injuries, and also the abuse of 
spirit and tobacco, cause color-blindness. Hence, after ac- 
cidents, tlie personnel interested should be again tested, and 
always any drinking men or heavy smokers quite often 
looked after." 

" After every railroad accident or collision at sea, depend- 
ent in whole or part on misunderstanding colored signals, 
not only must the men directly at fault bo tested, but also 
all those used as witnesses. The necessity of this is self- 
evident. It would be absurd to punish any one because a 
blind man says he saw him break a rule, or let a man go 
free because a blind man says he saw him obey the rule. 
The same as to color-signals: no witness should be admitted 
who is not proved to bo free from color-blindness. This is 
so plain that discussion of it seems useless; but it is not 
recognized by the guardians of the law. The whole ques- 
tion of color-biindness or not, when claimed or denied, must 
fall within the province and decision of the specialist 

" Granted now that tests are introduced, and thorough 
examinations carried out on our roads, what is to become of 
the color-blind"/ The defect, we know, exists in all degrees 
of severity. Whilst there will be no doubt of the neceasi^ 
of dismissing the large majority, the decision as to the 



n 



ITS DANGERS AND ITS DETECTION. 181 

others can be determined by the eiaminer consulting with 

: management, and explaining the character and degree 
of the tronble. The possible danger of the incompletely 
color-blind being called npon to decide colors quickly, nius( 
lefer ie put out of sight, and this may occur whatever his position 
n the road," 

" We would again repeat that it ia the interest of the man- 
agement, as well as of the public, to remove absolutely all 
difficulties and dangers arising from color-blindness. This 
end cannot be considered as attained so long as a single 

or-blind employ^ remains in service. When all color- 
blind are eliminated is the reform first commenced. It ia 
less necessary to carefully tesb periodically those with 
doubtful color-sense allowed to continue in service, to find 
if they are better, or worse ; and these periodical examinO' 
tions are necessary as long as any with but imperfect color- 

ise are retained, and the question remains undecided 
whether their defect on the one hand may improve or be 
cured, or, on the other, become worse or develop later." 

" To settle positively these questions, periodical examina- 
tions must be made, 1st, of all with defective color-sense, 
once so proved ; 2d, of those who have been injuTEd ; 3d, 
of the whole pprsonnei, in order to detect any who have 
become color-blind without perceptible cause- How far 
these periodic testa should be carried out depends, of course, 
on how thoroughly the original examination has been, and 
how strict our laws of rejection have been." 

" From what has been said, we see the absolute necessity 
of the government and railroad administration being thor- 
oughly acquainted with the color-sense of their employes, 
and the thorough testing and elimination of all color-blind, 
as also the preventing the admission of any such here- 
after into service. Whatever stand-point is taken, there 
rests the very serious importance of the strictest examina- 
tion of the entire personnel. To carry such out with success, 
it is of course, first of all, necessary to have a practical 
method of testing that fulfils its purpose in every possible 
direction. We lay all the more stress on this point, since 
we believe that it has been principally the want of such a 
method of testing which has hitherto prevented the reform 
desired and urged by us." 
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CHAPTER XVIII. 

METHODS OP TESTING FOE COIXJE-BLINDNTCSS. 

Tbubting that by this time my readers are 
convinced of the necessity of testing all railroad 
employes and the marine personnel, we can now 
turn to the question of the test itself. On this, of 
course, depends our certainty in detecting and elim- 
inating the color-blind. The whole recent wide- 
spread control of the chromatic defect on land and 
sea in Europe has come undoubtedly from Professor 
Holmgren having introduced a test for color-blind- 
ness, so simple, so perfect, and so applicable to the 
desired ptirpoae,* as to render its use imperative, 
and its success a matter of necessity. My readers, 
I think, will understand the subject better from 
hearing what he has to say, as they have already 
seen from ray numerous quotations from him. As 
professor of physiology, and from an extended ac- 
quaintance with the color-blind and great experi- 
ence in testing for the defect, just what he has to 
say in his recent work as to methods is here most 
valuable. And I introduce it all the more wil- 
lingly, as my own personal experience as well as 
that of many others entirely convinces me of his 
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correctness, shrewdness, and practical knowledge. 
He says, — 

" It has beea shown that color-blindneas, diflerent as it ia 
from the normal color-sense, cannot bo readily be detected as 
might be supposed. We must, in fact, regard it as one of 
the pecuUatities of the defect, resulting from conditions 
■Iready diaeusaed, that it so often escapes detection. 

" As the true nature of color-blindness became known, and 
! peculiarities of the persons so afflicted recognized, va- 
rious methods were devised for its diagnosis. There are 
already several which vary either in the principle on which 
they are based, or in the application of that principle. 
, -These are two important points, and any error affecting 
either of them must necessarily lead to a false deduction. 
3ver, if a method fulfils both of these calls upon it, 
yet it must also have still other quahties, such as we may 
fairly require of any practical means of examination which 
') to assist us to our desired end. It muBt, namely, be 
reliable, and of quick and ready application. 

" The great majority of people are inclined to believe 
'Biat the best method of testing the railroad personnel for 
color-bhndneas would be the use of the signals employed, — 
namely, the lanterns and flags, — as being the most direct, 
easiest, and Buitable. This, to every practical man who has 
made no special study of color-blindness, is ao obvious as to 
recognized fact. Any control which we are here con- 
cerned with has only the aim of preventing the mistaking 
the signals by the responsible personnel. What more simple, 
~B asked with seeming right, than to be assured that the 
railroad employ^ can distinguish the signala ? What other 
method can quicker bring us to our desired end? and how 
'e reach it more readily, since these signals are in use 
'OD all railroads? At first sight it would seem as if there 
:«as DO answer to this, and that we must regard any control 
tas sufficient which proved that all the personnel could dia- 
'tingoiah the colors of the signals. But there is another 
eondition necessary. The esamination must not only prove 
■ ttiat the men are able to distinguish one, two, or any definite 
nnmber of lanterns and flags, so or so often, but that they 
can distinguish all flags and all lanterns under every condi- 
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tion ; in a word, that their color-sense is as normal a 
have a right to demand. We do not deny that any one 
thoroughly familiar with color-blindness and its practical de- 
tection may succeasiully use this method with the lanterns; 
but it is tedious, incDDvenient, and of itself gives no certain 
result. Paradoxical osthia maysonnd, we shall have to con- 
fess that such a method is inadmissible, from many well- 
grounded reasons. It ia therefore our duty to substantiate 
this objection, especially as this method seemingly answers 
its pnrpoae, whilst in reality it quite defeats it. 

" The railroad signal-colors ordered are red and green, 
without special nuances of the colors being designated. This 
latter, fortunately, is not insisted on, as the railroad managers 
could not comply with it, since the colors vary in shade, or 
nuance, from many causes. It will be conceded that the p 
sonnel must be able to distinguish, not only the moat oo. 
monly used shades, but they also should be able to clearly 
see red and green colors in general. This is not difficult far 
the normal-eyed, but simply impossible for the color-blind. 
It may be proved by testing the color-blind with selected 
lanterns ; bat even tiien the method will be found very ii 
convenient. The color-blind, aa has been shown, acquire 
from practice a peculiar capacity for distinguishing colored 
signals. How and what thia is has been explained, and that 
their seeing the colored signals is based only on conjec- 
ture. Testing, therefore, with lanterns becomes but a haxard 
between the examiner and examined, where the latter may 
readily often win, and where the former bears all the loss 'it 
the examined afterwards fails but once. Of course the ex> 
aminer is sure to win if the play is continued long enough ; 
for, if we know beforehand the examined is color-blind, ire 
can, sooner or later, cause him to make a mistake as to the 
color of the lanterns. But if we do not know that be la 
color-blind, and are testing him to decide this, then we shlU 
soon find how unadapted this method is, and how unpractiaal> 
Naturally much depends upon just how it is employed. For 
instance, let us suppose l^at the usual colored lights are 
shown to the examined, one after the other, and he is aded 
their color or meaning, icbilst from his answer his color«enw 
ia to be decided on. Now, as we have already shown, the 
-blind may decide rightly; but we need hardly add that 
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the normal-eyed may fail from carelessness, inattention, or 
even from lapsux lingtus. Hence a color-blind ia passed aa 
normal, and tho reverse : ao in tliis form the method is not 
practical. To attain certainty the test must be continued, 
and repeated till the examined's color-Bense admits of no 
doubt. Bnt how often must we repeat id order to bo sure? 
How often must mistakea be made to prove color-blindness? 
or how often may they be made, and the defect still be con- 
BJdered not present ? It is of course impossible to decide 
these questions. Certainty naturally increases with the 
number oi trials : but the method is still untrustworthy ; and 
it is depending too much on the knowledge and experience 
of the examiner in reference to color-blindness to expect a 
decision from him based on such tests. This method of test- 
ing with railroad-lanterns takes, of course, even if supposed 
sure, a great deal of tim.e, and therefore is inconvenient and 
unpractical in the examination of hundreds of persons at 
once. The method is also inconvenient as, from the princi- 
ple it involves, — namely, the detecting the color-sense of the 
personnel by the objects their duty requires them to recog- 
nize, — the test must be made on the railroad itself. A prac- 
tical method of testing, however, should be one capable of 
being used in any place. 

"We have therefore concluded that testing for colore 
blindness by railroad-lanterns is for many reasons impracti- 
cable, and to be discarded. It is worse with the fl.tgs : 
Attempting to use them would cause the examining surgeon 
to overlook tho majority of color-blind employes. After 
what has been said, it is not necessary to discuss this fur- 
ther. We admit, of course, that the method will succeed 
better in testing those about to enter the service, and as yet 
unfamiliar with the signals : but, if such an examination re- 
enlted unfavorably, there would be no just ground to refuse 
tiie applicant if it is believed that color-blindness is curable ; 
do not clearly recognize the distinction between cor- 
■Xectly 8eeir\g the colors and correctly naming them. We can 
give no better advice to those who are not convinced of the 
tmthfnlness of this, than to try it themselves. They will 
soon find, that, for testing a person for tbe first time, lan- 
terns and fiags are useless. 

We grant, on the other hand, that testing with colored 
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lights is quite practicable yitiea we vant to examine em- 
ployes already found somewhat deticient, and desire to 
decide whether they can remain in service or not. In this 
case it is much better, instead of the usual colored lan- 
terns, to ha?Q a large number of colored glasses vhicfa 
can be placed before the light, or lanterns of varying shades 
of color. Then any one who will work methodically will 
convince himself and others that the views we have ex- 
pressed and defended as to cotor-blindness are correct; and, 
as to less faullj chromatic sense, its trae efiect in recogni- 
tion of the signals will be duly appreciated. For instance, 
persons with feeble color-aeuse, to distinguish small colored 
surfaces, must come much nearer to them than the noimal- 
eyed ; whilst those who are completely color-blind cannot 
tell the ordinary lightfi with certainty, even when close to 
them. Many color-bhnd are even unable to say there ia a 
light, when very feeble, behind a dark-red glass. A very 
definite result is obtained by letting two color-blbid signal 
each other with lanterns I have had specially constructed. 
They then make the most marked mistakes. This is a very 
good plan to convince a sceptical railroad official, as well as 
the color-blind themselves. From the result of our investi- 
gations, we deduce the following as applicable to every test 
of color-blindness : the examination ia not to oscertiun the 
relation of color-sense to certain signals, whatever these 
latter may be, but to decide plainly and surely whether a 
given person is color-blind or uot, or whether the color-eenae 
is deficient or normal. 

" The test is to find out the character of the color-blind- 
ness, uot by ascertaining all its peculiarities, but simply one 
or more, which quite serves our purpose. This is all needed, 
and only exceptional cases require further examination. 
Now, there are a number of methods which combine more or 
less the essential characters we need in a practical teat. 
Without discussing them all, we will here notice only a few 
points which will enable us to apply some rules to govern 
our decision as to wliich means of examination to employ. 
There ia hardly any which could not be used, and, if we 
could carry it out with the necessary knowledge, would not 
servo our purpose as a method of control, at least when 
repeated trials could be made. On the other hand, there 
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■re methods which, used alone, wonld never, or but seldom, 
give us positive results, or which are bo tedious and incon- 
Tenient as to be quite unpractical. To this class must ba 
_ referred all those which, lite the test with the lanterns, let 
the examined look at various colors or colored objects, and 
m demand of them their names. 

" This decision is based on what we have already ex- 
pressed, and also upon our own experience in reference to 
the wa; and manner in which the color-blind learn the 
names of colors, and the success practice gives them. But 
we do not want to leam the degree of skill a person can at- 
ming colors, but how he sees them; in other words, 
the character of his color-blindness. The great diHerence 
between these two powers cannot be too well recognized, and 
' s ground alone we must again recur to the subject. 
Just how a color-blind sees a color it is not possible b> 
decide ; for it is a subjective sensation. On the other hand, 
wemajform an opinion aa to the character of hia color-sense 
bj the confusion or the mistakes which he makes in putting 
' colors together, which, to the normal-eyed, are essentiaUy 
different. Hence any method, to answer all demands apon 
it, must be based upon the comparison between different col- 
ors, and the confosioQ the color-blind make in this compari- 
An example will render our idea more clear, and show 
the importance of it. Suppose, for instance, we have a green- 
blind. Now, experience shows that such a one confuses 
1 shades of three colors, which are very different to the 
normal eye ; namely, purplish red, green, and gray ; or he 
regards them as exactly similar. Theory shows the reason 
of this very clearly. The green-blind has not the receptive 
or percipient organ of green. Purple, green, and gray pass 
with the green-blind for really one and the same color, 
which, however, from what he hears, receives under different 
' circumstances the separate names. The consequence is, that 
1 he also calls this color someiimea by one and sometimes by 
the other name, or always calls it by one and the same 
— often by the name he first attached to it, or most 
I often hears. If we teat such a person by letting him name 
1 the colors, then, in accordance with the theory, the character- 
I istic signs of green-blindness must in torn, and after many 
trials, show themselves. Without guidance from the theory 
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it is difficult to obtain any clear and correct conception oS 
the color-sense of a green-blind. Tf ho uses all the throe 
names, he will often be right, and as often VTong. Iq the 
6rst case he will readily be thought normal-eyed, and in the 
second what Goethe said wil 1 certainly occur, — ' one gets into 
the greatest perplexity, and fairly dreads becoming crazy.' 
If the green-blind carefully uses but one of the names, it 
will be one of the tliree, ' purple ' (falsely called ' red '}, 
'green,' or 'gray,' which he applies to all. Suppose now he 
uses the name 'green : ' then, according to a method depend- 
ing on the naming of colors, we should conclude that he sues 
purple and gray hadly, but green distinctly, Ilia color-sense 
will of course be regarded as abnormal ; but no one would 
suppose he was green-blind, since he seems to see that color 
perfectly. Yet this green-blind will be regarded as such if 
he used the term 'red' (purple) or 'gray.' We trust this 
example will remove all doubte as to which of the two points 
of view is the correct one. Without further defending it, we 
hold the fact proved, that any practical method of exiUDina- 
tion mnat be based on the principle of comparison." 

From what Professor Holmgren has laid down, 
we can readily understand why certain methods 
are not practical as well as not scientific. These 
methods we must therefore briefly criticise before 
explaining his. Let us first remember what has 
been said as to any method which calls upoD the 
examined to name colors shown them, — to those 
unacquainted with color-blindness, apparently, the 
simplest and most suggestive. To all such meth< 
oda we may apply Professor Helmholtz's criticism : 
" As to the examination of the color-blind, simply 
asking them to name this or that color will natu- 
rally elicit but very little." 

Several ways of employing " simultaneous con- 
trast " have been proposed and carried out. Dr. 
Stilling of Caasel used colored shadows. If we 
hold before a lamp a piece of colored glass, and 
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allow tbe light thus colored to fall upon a white 
screen, this will then appear colored. Now, hold- 
ing a pencil, for instance, before the screen, wo 
shall have a shadow cast on the colored siirface. 
This shadow will, to the normal eye, appear of 
the complementary color of the glass before the 
lamp ; whilst to the color-blind the shadow will 
appear colorless or black or gray. On this prin- 
ciple is constructed Dr. Cohn's chromasciopticon, 
as also the chromatoscope made by Waldstein. 
Such tests are not as practical even as they sound, 
though Stilling showed how we could get the 
colored shadows by daylight. I would refer to 
Dr. von Reuss'a article in support of my state- 
ments. Holmgren's mote practical use of the 
shadows I describe below. 

Another method of using simultaneous contrast 
is baaed on the experiment of Ragona Scina, and 
carried out by Cohn and by Pfluger. If we bend 
a. piece of white cardboard to a right angle, and 
then fasten to the adjacent surfaces a little piece 
of black cloth, wc can hold a plate of colored glass, 
■with one edge resting in the angle of the paper, 
about dividing the right angle made by the card- 
board: now, looking down from above tlirough 
the glass, we see the horizontally placed piece of 
black cloth of the color of the glass ; but we shall 
also see the reflection of the vertically placed piece 
of cloth, and this will appear of the complement- 
ary color of the glass. These do not, of course, 
eo appear to the color-blind. 

I A testi based on H. Meyer's law of simultaneous 
'Contrast, has been proposed by Weber and Pflii- 
,ger. This is well given in the English translation 




190 



COLOR-BLINDNESS : 



of " Bezold'a Theory of Color," by Mr. ESliler. 
Black letters printed on colored paper, when cov- 
ered with thin tissue paper, show through this of 
the complementary color. A gray stripe on a 
colored ground, when gazed at, takes the compli- 
mentary color of the ground. 

Any other methods of producing simultaneous 
contrast may of course be employed ; but they are 
useless, as requiring of the examined color-names. 

Successive contrast, or complementary after- 
images, has been suggested by Scliirmer and by 
Cohn. If we look steadily a few seconds at a col- 
ored surface on a gray ground, and then quickly 
remove the colored surface, the ground will appear 
of the complementary color. We here again must 
depend on what the examined say they see. 

A method of testing for color-blindness will at 
once suggest itself in the use of the spectroscope. 
Hirschberg has recently arranged one in which we 
have two spectra, one over the other, but in re- 
Tersed order. Movable slits allow us to choose 
two colors, which appear just alike. The mistakes 
of the color-blind in doing this show their defect. 
Stilling proposed the use of the spectra of certain 
metals, — natrium, lithium, thallium, &;c. ; and 
teresting results have been thus obtained. 

Rose's color-measurer should be here also men*) 
tioned, and Brucke's schistoscope, — only usel 
however, for scientific examinations, 

A method of testing has been proposed by 
step's perimeter. This is used by ophtl 
surgeons in determining loss of chromatic 
over certain portions of the retina. Small 
of color are brought up from the circumfeii 
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towards the centre of the field of vision, and we 
can thus map out the chromatic visual field. 

In 1871 Professor Holmgren directed attention 
to what he called the quantitative disturbances of 
the color-aenBc, or incomplete color-blindness. 
Professor Bonders of Utrecht, in 1875, carried out 
this idea in a method of testing which gave us, not 
only the fact that the examined was eolor-blind, 
but also in what degree. This is described in a 
subsequent chapter as used on the Holland rail- 
roads. 

Drs. Dor and Favre have modified Donders's 
method; and the former published lithographic 
plates of the colored disks, of definite sizes, on a 
black background. For this there is great diffi- 
culty in obtaining the proper printed colors, both 
as to uniformity, purity, and saturation. 

Suggestions of Professor Holmgren have been 
carried out by Dr. Stilling in a method of testing 
for color-blindness which has the advantage of not 
calling upon the examined to name colors. In ac- 
cordance with the now well-known laws of color- 
blindness, letters are printed in colors on a colored 
ground: these the color-blind fail to see, as there is 
no contrast to them between the letters and the 
ground color. Dr. Stilling has, in his more recent 
editions of this test, very ingeniously overcome, in 
a great degree, certain difficulties ; but there are 
other practical ones which cannot be overcome. 
There is no comparison between it and the scien- 
tific simplicity of Hobngren's, It may be used as 
ftu additional method by those thoroughly acquaints 
ed with color-blindness theoretically, and practised 
in testing for it. Experience has proved this to 
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those who have attempted to use Stilling's cssAa 
in testing large nambers, and uneducated people. 

Mr. J. Clerk Maxwell, in 1855, proposed a meth- 
od of judging of the chromatic sense by colored 
disks revohing on a top. They were so arrai 
tiiat the various colors could be combined in any 
proportion. We can thus let a person compare 
colors, and prove their chromatic defect by their 
variatioQ from the nonnal-eyed. Landolt proposed 
a modification for the quantitative determination of 
color-blindness. In 1870 Dr. Woinow proposed the 
use of a revolving disk, the inner circle of which 
was one-half each of black and white, giving us 
gray when revolving. Three rings outside of this 
were composed of equal parts of two of the three 
primary colors, — red, green, violet. To a person 
blind to the color not represented in one of tha 
rings, this ring wiU appear gray for reasons I have 
previously given. Later he modified hia disk, 
he accepted four primary colors. The inner ring 
is now to be red and violet (or blue) ; the outer, 
green and violet (or blue) ; the third is left out. 
If the outer appears gray, like the centre, then we 
have green-blindness ; if the inner, then red-blind- 
ness ; if both, then red-green-blindness. 

More than forty years ago Professor Seebeck 
of Germany clescribed his testing a number of 
color-blind by methods of comparison of colors. 
He used some two hundred pieces of colored 
paper, and allowed the examined to sort these, 
putting together what looked to them alike. This 
was the first time a true method was used ; and 
he obtained very valuable results, having shown 
that there were difTerent kinds of color-blindni 
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Band different degrees of each kind, — a most im- 

Bportant fact, as I have previously described. 

In 1855 Professor Wilson of Edinburgh pub- 
lished the first monograph in book-form on color- 
blindness. In testing various individuals he used 
I little bundles of colored worsteds, letting them 
Bort them out, and put together those seeming 
alike. The principle was the same as Seebeck'a, 
and a true one of comparison, the examined not 
leing obliged to name any colors. He says, — 
" Candidates for appointmenta where good eyesight ia 
reqnired are not likely to exaggerate their defects of vision. 
Whenever, therefore, any hesitation in distinguishing colore 
ia manifested, it ahould be further tried by giving the 
partf under examination parcels of differently colored cloth, 
paper, glass, and the like, and retineating him to assort 
tiiem according to their colors. Reds, greens, browns, and 
lilacs should tonn an egaential part of these parcels, but not 
to the exclusion of other tints and shades. No person 
markedly color-blind will, I am persuaded, escape detection 
if tried in this way ; and tho kind and niunber of miatakea 
which he commits will measure the extent of bis color- 
blindness. The mode of examination thus explained ia 
within the reach of railway sopetintendcnta and shipmaatera, 
and will serve every practical end. But where railway 
lervanta, sailoi-s, soldiers, or others, undergo preliminary 
examination by a sui^eon, a more minute examination 
.ght be made, and in another way." 

He refers to the colored disks, spun on a top, of 
Maxwell. I quote from Professor Wilson to show, 
first, that, though he used comparison tests, yet 
he did not seemingly recognize that such alone 
were of value, as proved by what he suggests. 
Had the Young-Helmholtz theory of color-percep- 
tion been then as thoroughly disseminated as now, 
he would no doubt have appreciated its value ia 
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explaining color-blindneaa. It was not so applied 
till 1875 by Professor Holmgren, who at the time 
was unaware of Wilson's results. 

The Young-Helmholtz theory of color-percep- 
tion suggested to Professor Holmgren the value 
of sorting worsteds in a certain way, based upon 
the apphcation of this theory to the "vision of the 
color-blind. This method of his, and the manner 
of using it, I shall give in extenso and in his own 
words, and therefore wijl here only speak of some 
other tests which have been copied from it. 

Dr. Daae of Kragero, Norway, has had little 
squares of worsted worked on a card in rows. 
Some rows are correct; namely, arranged from 
the darker to lighter of the same color. Others 
are arranged of the colors the color-blind especially 
confound ; and they will say, when asked, that 
these rows are correct. The card is very con- 
venient, not larger than an octavo volume, and 
the colors arranged to detect red, green, or violet 
blindness. 

Dr. Cobn of Ereslau proposed working worsted 
letters on a ground such as the color of the letter 
is usually confounded with by the color-blind, 
These are very deceptive to the color-blind, and 
they wonder at the normal-eyed's assertion that 
there are letters on the worsted surface. But the 
deception is only perfect, and the detection sure, 
when the color of the letters and the ground-work 
are just suited to the especial kind and degree of 
eolor-bUndness of the examined. The test as a 
modification of Holmgren's has no advantage, Bud 
is not very practical. 

Dr. Magnus of Breslau has lately proposed a 
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modification of HohogTen's test by letting the ei- 
omioed pick oat from bimdles of colored worsteds 
those which match the colors of the solar spec- 
trum shown them at the same time. This can be 
used as an additional method by examiners, but is 
not, of course, as convenient and practical as 
Holmgren's simple plan. 

Professor Donders has recently also proposed 
and used an arrangement of worsteds. On a little 
disk of wood one of the colors is wound : and the 
other, which the color-blind cannot distinguish 
from the first, is so wotmd over it as to form 
rays or a star. A large nmnber of these pairs 
are chosen, guided by the selection various color- 
blind make with Holmgren's test ; that is, the 
two worsteds on the disk are such as the color- 
blind say look to them quite alike. A coloi^blind 
is therefore detected in not being able to select 
those which to the normal-eye present contrasting 
colors. 

I have thus given Holmgren's discussion of the 
principles of a correct, scientific, and sure test for 
the detection of color-blindness, and briefly ex- 
plained what tests have been proposed, because 
the whole subject is new to us in the United 
States, and the future control of colot-blindness, 
and assiu^d safety from its dangers thereby ac- 
quired, so greatly depend upon the employment 
of an absolutely certain method, thorouglily and 
tmderstandingly, by competent examiners. 
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CHAPTER XIX. 

Holmgren's method of testing. - 
tion and diagnosis. 

Justice to Professor Holmgren demands that I 
should here explain what he has done in reference 
to these various forma or methods of testing {<a 
color-blindness, and the study of color-sense. Hd 
has been over the whole subject before the recent f 
observers I have mentioned, who have attached 
their names to this or that special modificatioa. 
Hia method of examination with the worsteds — 
to be given in hia own words in thia chapter - 
therefore to be considered as a natural develo) 
ment of his special studies. 

March 31, 1871, he published his views on 
" Color-Blindneaa and the Young-Helmholtz Theory 
of Color," ' He there discussed this theory, and 
the methods heretofore used in testing color-blind- 
ness. He also gave the explanation of the peri- 
metric examinations afterwards carried out by him. 
By experiments with Maxwell's rotating disk be j 
found the true difference between red and i 
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blindness, explaining seven cases of complete color- 
blindness, — five red and two green. He seems 
to have first shown that green-blindness, as a dis- 
tinct form, in conformity with Young's hypothesis, 
did exist, and proved it by exact experiments. In 
tjiis, time has shown him to be correct. 

Nov. 3, 1871, he published "On Forster's Perime- 
ter and the Topography of the Color-Sense." ' This 
contains a description of the perimetric examinar 
tions and the results thereby obtained, especially 
the three separate zones of the field of vision of 
Woinow, in relation to color-perception. 

He used the point of fixation as the centre — the 
physiological centre — in contradistinction to the 
blind spot, — the pathological centre as he terms it. 
Se here describes a. series of perimetric examina- 
" the color-blind, beginning with the normal 
color-sense, and following up to complete color- 
blindness. He also first gives here a description 
of what he called incomplete or partial color-blind- 
ness. This is important to notice, as S tillin g 
attributes wholly to Bonders oiu- knowledge and 
understanding of this form of chromatic defect; 
whereas Holmgren had very clearly defined it as 
a quantitative disturbance of the color-sense. 

Incomplete or partial color-blindness, — espe- 
cially incomplete red-biindneas, — he shows, is 
characterized by two principal points: First, in 
indirect vision with the perimetric examination, 
the field of vision differs from that of the complete 
color-blind by having a normal central field ; but 
it is unlike the normal color-sense in having a 
much smaller central field, thus in both ways 

1 Om FiirBten Perimeter ooh Fiigainnela Topographi, 1371. 
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Iteing only a quantitative difference. Second, inj 
direct vision at the point of fixation, partial coloi^ I 
blindness differs from complete ; thus, with good 
iUumination, sufBcientlj large colored enrfaces 
at short distances and with careful fixation, be 
correctly distinguished in the sense of the normal- 
eyed. It is different from the normal, however, i 
in that the discernment of colors is uncertain, and , 
resembles the complete red-blind when the light ia 
poor, the distance considerable, or the object small, 
or when indirect vision is called upon to assist. 
Now, these points have been scientifically carried 
out and formulated by Professor Donders siuos ■ 
then ; but they were understood and described in I 
principle by Holmgren as early as 1871. 

From his perimetric examinations he concluded 
that the three color-perceptive elements have from 
the centre outwards different extensions, so that 
they all three occupy the central field ; whilst in 
the middle zone only green and violet perceptive I 
elements exist, and in the outer zone only one of 1 
the latter two. This he thought to be the green, | 
as most peripheric; but subsequent examinations I 
proved it to be the violet. 

He also in this article expressed the belief that ] 
the property of a specific sensation for green in [ 
any degree is inseparable from the property of thd I 
sensation for red. This afterwards became the | 
basis of Hering's theory. 

Oct. 81, 1873, he published " On Theories of , 

Color-Blindness." ' This is a continuation of lus | 

previous work giving his theoretical ideas. It I 

criticises Fick's theory, and endeavors to reconcile I 

I Om FacgblindLeteng Theorl, Oct. 31, W3. 
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the facta so far established with Young's theory 
of color. The difference between Pick's views 
I and Holmgren's is, that the former refers the ma- 
I terial process of color-perception to the peripheric 
pTetinal elements, whilst the latter would equally 
I divide it between these elements and the central 
apparatus in the brain. He also criticises R. Schir- 
mer's article on congenital and acquired anomahes 
of color-perception, in which Schirmer gives a 
L series of pigment colors which have eccentric fields 
tof vision of varying size. He holds, that, in ei- 
"amining the central as well as the eccentric field 
of vision, the proper selection of the grades of 
color has been neglected. He gives, therefore, an 
idea of those which are equivalent ; that is, pig- 
l ments which, ceteris paribus, correspond to the 
I aame visual fields, and are recognized at the same 
F distance from the point of fixation. 

Holmgren also gives some cases of complete 
gteen-bllndness, the characteristics of which are 
especially shown in this article. There are, be- 

t sides, some improved methods of carrying out the 
perimetric examinations described. 
In 1874 Professor Holmgren published an article 
"On the Theory and Diagnosis of Color-Blind- 
ness." ^ This contains the theoretical and practi- 
cal groundwork for his method of detecting color- 
blindness, since pubUshed and given here in full. 
He develops it theoretically from the Young- 
Helmholtz theory, and practically from Seeheck'a 
method. He published a plate with colored let- 
ters, in this article, on the same principle. He also 
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then warned against the miauso of the table, am 
took the same position which he now holds ii 
reference to all such arrangements of material, 
and in defence against imitators. This plate of 
colored letters clearly shows it was the basis oa 
which 80 much invention has been since made. 

He also further discussed the true subjective 
color-sense of the color-blind. He proposed means 
for rendering the color-perception of the nomlal' 
eyed like "that of the color-blind, so that th^- 
would see colors like the latter. This he accon^ 
phshed with colored glasses and colored solutdons, 
as has since been done by Delbceuf, as described ii 
a previous chapter. 

Returning to the two commonest forms, — 
namely, red-blindness and green-blindness, — he 
gives further proof of the existence of the lattei 
as a distinct and independent form, analyzing 
three additional cases of complete green-blindness. 

Finally, he treats the question of the color- 
visual field of the color-blind, proving that they 
have as many distinct visual fields as primary 
colors. He gives in two plates colored perimetr^' 
visual fields of the color-blind. 

The method of testing as developed from his 
investigations I will now present as originally 
given by him. The description may seem nnne- 
cessarily extended, and, to the general reader, 
quite uninteresting. It is, however, for the benefit 
of those who are in the future to examine em- 
ploy(5a in this country. Experience with testing 
for color-bhndness will prove its value, and the 
necessity for its seeming minuteness. Neglect of 
its study and directions has given rise to much 
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confusion and waste of time on the European 

roads, the proof of which will be hereafter given. 
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"1, — A Short Sketch of the General Principles of the Method. 

"TheoTeticallyonr method most resembles those of See- 
beck and Maxwell, as it is based upon a comparison between 
different colors. It therefore firat seeks to discover the 
chromatic perception of the subject, disregarding the names 
he gives to the colors, as generally it is not necessary he 
should designate the names. Our method resembles See- 
beck's most in this, that it does not require a special appa- 
ratus for preparing the necessary tints for the exftmination : 
it assumes there will be a supply of objects of different 
colors pri3vided in advance. It agrees again with this 
method in not allowing, as Maxwell's does, the person ex- 
amined to remain passive, and simply give his opinon of the 
resemblance or dissimilarity of the shades indicated, but re- 
quires him to discriminate and select tlie shades, and in 
consequence reveal by an act the nature of his chromatic 

" But practically our method differs essentially from See- 
beck's, llis certainly gives, in a certain sense, more com- 
plete results tban ours, by requiring the subject to thor- 
oughly classify, in accordance with their reciprocal resem- 
blances and dissimilaritea, the various differently colored 
objects placed before him. A complete table of his whole 
system of colore is the result of tliis. Our method, on the 
contrary, requires the person examined to select, amongst a 
large number of variously-colored objects, tbose alone which 
resemble the sample shown him by the examiner. The 
difference is evident. Seebeck's method is, without any 
donbt, preferable when the nature of the color-blindness in 
the aggregate is to be considered ; that is, so long as this is 
yet unknown. His method then gives a more complete idea 
than ours of the nature of the color-blindness. But, for our 
•ctoal purpose, the main question is to discover a defect, 
with the entire nature of wliich we are acquainted in nd- 
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and is easily detected in a large pile, even thongh there be 
but one thread of it. Berlin worsted is not too strongly 
glaring, and is, moreover, soft and manageable, and cao be 
handled, packed, and transported aa desired, without dam- 
age, and ia conveniently ready for nae ■whenever needed, 

"These advantages are wanting in the other colored ob- 
jects suggested for use. Colored paper or silk may be nsed 
when light or dark, dull or bright colors are wanted. But 
they both have these inconveniences: they most grst be cat 
into suitable pieces, and they are troublesome to baadle. 
Moreover, they are easily concealed from view; and it is 
necessary to stretch them carefully od a large surface to 
enable ihem to be seen without trouble. They are often 
glaring. They reflect, besides their particular kinds of light, 
a quantity of white light, which is a prominent defect, as it 
misleads the color-blind, who, as we know, judge of colon 
by the intensity of tight, — that is, the quantity of light; and 
he consequently estimates difFerently the color of a brilliaat 
surface, according to the position in which it is found with 
regard to the eye, &c. The paper is often colored on only 
one side, and this gives rise to much trouble, as it is necea- 
sary to turn the pieces from one side to the other to see 
them in their true colors. Finally, from being so much 
handled, the pieces of paper or silk soon become tumbled 
and faded. 

" Colored glass, which must be in pieces, is not suit&ble, 
from the fact that it is difficult to procure it in snfficiently 
great variety. It is, besides, troublesome to transport, eauly 
broken, and finally inconvenient for using, because necessa- 
ry to bo held against the light of day, or a luminous sonioe, 
in order that the color may be seen. The advantage of 
being able to use them by any kind of light does not oonn- 
terbalance their inconveniences. 

" Although these ore not oil the objections, the precede . 
ing will suffice to prove the advantages of fierlin worsted. 
All this applies equally well to wafers, powders, colored 
solutions, spools of colored thread, pieces of wood, and por- 
celain, especially painted for the purpose, Sio. They can all 
be, and have been, employed; but none of these objects are, 
in every respect, so well suited to our purpose as Berlin 
worsted. 
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"A aelectioD ot Berlin Tcorsted is then matJe, inclndiiig 
jed, orange, yellow, yellow green, pure green, blue green, 
blue, Tiolet, purple, pink, brown, gray, Heveral Bhades of 
each color, and at least fire gradatioUH of each tint, from the 
deepest to the lightest. Green and gray, several kinds each 
of pink, hlue, and violel^ and the pale-gray shadcB of brown, 
yellow, red, and pink, must eapecially be well represented. 

" The choice of the material does not belong specially to 
our method. In fact, Seebeck suggested the use of Berlin 
worsted, which was employed by his advice, and still is at 
present. To ua only belongs the credit of originating the 
manner in which it is employed. According to our method, 
the examiner selects from the collection of Berlin worsted 
in a pile on a convenient table, and lays aside a skein of the 
especial color desired for this examination ; tJieu he requires 
the one examined to select the other skeins most closely 
resembling the color of the sample, and to place thera by it» 
side. The chromatic sense of the individual is decided by 
the manner in which he performs this task. 

" The result of comparison which the examined makes — 
in other words, the little skein of worsted which he selects 
and places by the test — shows us in reality what colors seem 
alike to him, and thus tells us his relative color-perception. 
The rapidity with.which this examination is made does not 
seem to directly correspond with the nature of the chromatic 
sense, but to depend wholly upon the character of the person 
examined. One of intelligence, with a quick, practical mind, 
is examined in less than a minute. In this time, in fact, a 
normal eye could easily find the four or five skeins of the 
same color ag,the sample, and the color-blind make a suffi- 
cient number of characteristic mistakes to thoroughly estab- 
lish the diagnosis. 

" It might be supposed that this method could he further 
simplified, and time thereby saved, by previously grouping 
the colored objects, or, in other words, showing to the exam- 
ined a number of colored objects arranged in certain system, 
and asking of him which look alike, and their names. Here 
the worsteds would have no special advantage over other 
colored material, and could be replaced by objects with 
bright surfaces not necessarily movable. On such a pro- 
posed table the various colors may be placed without any 
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order, or in a definite order m accordance with their suiu- 
larity. Thus they may be grouped according to the color- 
perception of the normal-eyed or the color-blind, and, in the 
latter case, in different groups corresponding to the different 
forma of coloi^blindneaa. 

" TliB groujiing of colors which I proposed was on this prin- 
ciple, and it is printed in the 'Nordst Medicinskt Arkiv.,' 
IST'l, and carried out in the plate published with this 
book. The plan is a good one where we are dealing with 
educated and intelligent people, and many color-blind may 
be thereby detected. To be at all complete, and generally 
practical, this method must have a much larger number of 
shades. Experience shows that the color-blind is often un- 
certain as to the similarity between two colors, depending 
less upon the color than on what to him is the most impor- 
tant cUstinguishing mark ; namely, the intensity of the light, 
or the degree of saturation. And, as to equal intensity of 
two colors whose similarity he would find, he is so particular, 
that the test may be just too much or too little. We mutt 
add that all color-blind of the same class are not as particular 
as to intensity of light or degree of saturation; and, moreover, 
it is impossible, on plates which are multiplied, to get exact- 
ly the necessary colors, whilst the price increases with the 
number of colors. The difficulties were therefore enongh 
for us to abandon this method. The worst is, however, that 
the supposed gain in time is more than counterbalanced bj 
lack of conveniences and other difGcultiea. In short, the 
loss is greater than the gain. 

" These remarks hold good, not only in reference to this 
form of test proposed by me in 1874, but also to all colored 
tables which have so far been published. A proof is, the 
worked worsteds of Dr. Daae, and the repeated attempts of 
Dr. Stilling to construct colored plates. As ia known, 
neither have succeeded in solving the difficulties, although 
careful and ingenious attempts have been mads to conquer 
some of those 1 have spoken of. These tables, from the 
very nature of the subject, can only have a limited employ- 
ment as an additional test, but are for the examination c4j 
masses wholly unserviceable. Experience has peifect^V 
proved this to me, and will the same to every expert. Tbftfl 
new editions, unfortunately, are not changed in this respect. I 
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"By Buoh a colored plate, or any Bimilat 
of immovable colored objects, the very work ia done which 
■hould have been by the examiTied ; Bamel j, the grouping 
of colora seemingly alike. If, however, this is not done, 
and the colors are njiied up, then we cannot let them ba 
gronped in accordance with their Bimilarity. The value of 
thia method ia, that the objects are movable, and can ba 
mixed and sorted anew. 

" Careful conaideration will show the importance of this 
fact. The object of the teat is to ascertain a subjective aen- 
Bation from an objective expression. Now, man haa but one 
means of exprcBaiug his subjective sensation to another ; 
Damely, by muscular action. The organs of speech and the 
limbs are the apparatus of motion best answering this pur- 
pose, and most used for it. Of the most movable, the 
tongue and hand each is the representative of its group ; and 
ibej are the most pliable of all organs. Both equally indi- 
cate the different actions by which we impart our thoughts 
to others; namely, by words and acts. It is scarcely neces- 
sary to indicate, that, as a rule, it is the latter (the hands) 
which we rightly have greater confidence in than the spoken 
vord. This ia snbatantiated in testing the color-blind. We 
have Been how readily they are detected when forced to act, 
■whilst we must equally remember that the names they give 
colors are often exactly adapted to conceal their defect. If 
it is in his interest, as here is the case, not to expose his 
defective perception, but rather to conceal it, he certainly 
can do this better by speech than by the hands. This is a 
general law applicable here, if the relations between the per- 
ception and denomination of an object are recalled as we 
have explained them, and the way these two acts are com- 
bined in education. Ou the other hand, it is clear that our 
method affords the opportunity, in connection with the invea- 
tigation of the chromatic sense, of learning much of all the 
peculiarities relating to the use of our senses. Thia is why 
we maintaia the principle that it is neeeBsarj to leave to the 
activity of the hands the task of revealing the nature of the 
sensations, and to have recourse to the tongue only for veri- 
fication when there is need of more information. 

"The combination of the action of the eye and hands, 
■which plays in genera! so important a part in the training 
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and use of the seDBCs, ia also of great consequence ii 
examination. An attentive examiner, especially if he hava 
already acquired some experience, can draw important coa- 
clusiona from the manner in vliich the other executes bia 
task, not only and directly with regard to the nature of hi^ 
chromatic senae, but generally as to his intelligence and 
character, and especially in some cases aa to his previooa 
training and exercise in the use of colors, and his skill ii 
reoognixing them. The examination afiords us also the 
opportunity of making psychological obserrationa, which 
contribute, in a great measure, in giving us a clear idea of 
the nature of the chromatic sense. 

" A practiaed surgeon can often detect color-blindness bj 
the first geature of the examined, and make his diagnosis 
before the end of the trial. lie can, according to the man- 
ner in which the task ia performed, form a judgement of a 
feabla chromatic sense in instances which are proved comet 
by the final result. He alao can and must see whether the 
result ia erroneous simply on account of a misunderstanding 
or a want of intelligence, just as be can see whether the ' 
really color-blind Eucoeeds, in a certain degree, from much 
previous exercise or a considerable amount of caalion. 
short, the method supplies us with all necessary information; . 
BO that, by an examination made with its assistance, a defeo- 
tive chromatic sense, no matter of what kind or in what 
degree, cannot escape observation. It also calls upon the 
examiner to watob the examined very carefully, and notfl 
his every motion. Different persons act very differently, 
and cause the surgeon trouble of more than one kind. 
People of medium intelligence, whether they are color-blind 
or not, give least trouble, provided they do not feel called 
upon to be too shrewd. The examination is most diffiaolt 
with people of small intelligence, or of feeble and unculti- 
vated color-perception, or when we have a color-blind 
already tested who desires to escape detection, or when the I 
examined has not had good school-education. Practical 
rales for these special cases are given later. 

" The principle of onr method depends, as we have said, i 
on the test caUing for the selection of bnt one color among 
many. It may be asked what need of such a number <^ 
colors'i' Would not a smaller answer ? Wo reply that the J 
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color-blind avoida detection with more difficulty, and the 
dittguoflis hence 18 move readily made, the greater the num- 
ber of the TariouB colorB. The normal-eyed readily selects 
the right ones from the maasj whilst the color-blind, al- 
though the right ones are directly before him, picks out the 
wrong ones, thereby disclosing the character of his defect. 
Therefore the greater the number of colors the better, of 
course, within certain limits. 

"What color shall we late for our sample? This is of 
importance ; for we must of course decide on some one 
color. Jjxperience, as well as the Young-Helmholtz theory, 
teaches us that more than one color may serve as the sample 
in searching for a sure and definite characteristic of defec- 
tiTB chromatic sensation. All colors do not, however, meet 
this equally well: hence it is worth while to establish cer- 
tain rules as to a correct choice. 

" The faculty possesBcd by the eye of distinguishing colors, 
aod that of defining the degrees of light and color (of 
"saturation") are relatively very different ; but these spe- 
cial faculties have this in common, that they Lave their 
maximum activity in a certain intennediary region of abso- 
lute intensity of light, and their minimum at the two limits 
of this region. Just as wo experience the moat difficulty in 
distinguishing between the sha^ies of intensity of light by 
a very feeble or very strong illumination, so it is difficult for 
tis to distinguish colors slightly or strongly luminous, or the 
deepest and the lightest. It is therefore necessary to select 
as a suitable color for discovering a feeble chromatic sense 
either the lightest or darkest shades. The well-defined 
kinds and degrees of a defective chromatic sense confound 
only colors of mean intensity. But in tiiia case, also, it is a 
question what (ones of color to choose. For my choice I 
have been guided by the Young-Helmholta theory, and for 
the reason that I have proposed my method in support and 
proof of that theory. As a fact the examination of thou- 
Bands of persons has convinced mo of Uie excellence of my 
choice. 1 have selected, to determine whether the chromat- 
ic eense is or is not defective, a light green (dark green may 
be also used), because green, according to the theory, is the 
whitest of lie colors of the spectrum, and consequently is 
most easily confused with gray. For the diagnosis of the 
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especial kinds of partial oolor-blindness, I have seleotedT 
purple (pink) ; tliat is, the whole group of colors in wHch f 
red (orange) and violet (blue) are combined in nearly eqnni 
proportionB, at least in such proportions that n 
ciently preponderates over the others, to the normal sense, 
so as to give its name to the combination. This ia the 
reason for this choice. Purple occupies a singular position 
amongst colors: although a mised, it is, we know a color 
as well "saturated" as the colors of the spectrum, and 
might be, from this point of view, classed with them, 
although it is not found in the spectrum. In fact, it ha* 
been regarded as the eighth color of the spectrum, closing 
the circle of saturated colors. Purple is of especial impor- 
tance in the examination of the color-blind, for the n 
that it forms a combination of two fundamental colors — 
the two extreme colors — which are never confounded with J 
each other. In fact, from a color-blind point of v 
of two things must happen, according to the theory : eitiiM 
it excites but one kind of perceptive organs, or it excites 
them all. It appears, theu, either like a simple color, — I 
is to say, like one of the two colors of the combinatiou,- 
like white (gray.) Esperiment has confirmed this hypothe- 
sis. Our sample colors, therefore, are the two complen 
tary colors of each other, — green and purple. 

" In the esaminatiou of the chromatic sense of a larga I 
number of individuals, it is, of course, of important 
cide quickly, first, whether the chromatic sense of the indi- 
vidual is or is not normal. It is only after establishing the 
existence of a defect that its nature or degree must be de- 
termined. The sample-colors are therefore employed with i 
more advantage in a certain order, as the t«st must be ao- J 
complished as a whole, according to a plan that ezperienca I 
has proved the surest, most rapid, and, finally, most aiiitaUfll 
for the purpose. 

" Method of Examinalion and Diagnota. 
" The Berlin worsteds are placed in a pile on a large pi 
surface, and in broad daylight ; a skein of Ihe test-color ii 
taken from the pile, and laid aside far enough from 1 
others not to be confounded with them during the trial ; a 
the person examined rei^nested to select the other a" 
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most resembling this ia color, and place them by the aide of 
the sample. In the first place it is neGeB?a.ry that he shonld 
thoroughly understand what is required of him ; that is, 
iliat he should search the pile for the skeins making an im- 
presaioa on his chromatic sense independent of any name he 
may give the color, similar to that made by the sample. 
The examiner should explain that resemblance in every re- 
spect is not necessary ; that there are no two specimens 
exactly alike; that the only question is the resemblance of 
the color ; and that, consequently, he must endeavor to find 
Bometbing similar of the same shade, something lighter and 
darker of the same color, Su3. If tlie person examined can- 
not succeed in undeTstanding this by a verbal explanation, we 
roust resort to action. We must ourselves make tlie trial by 
searching with our own bands for the skeins, thereby show- 
ing in a practical manner what is meant by a shade, and then 
restoring the whole to the pile, except the sample-skein. As 
it would require much time to examine each individual in . 
this way, it is advisable, when examining a large number at 
the same time, to instruct ail at once, and, moreover, to ask 
them to attentively observe the examination of those preced- 
ing them, so as to become more familiar themselves with 
the process. By this, time is saved, without loss of security ; 
for no one with a defective chromatic sense finds the correct 
skeins in the pile the more easily from the fact of having a 
moment before seen others looking for and arranging them. 
He makes the same characteristic mistakes ; but the normal 
, obserrer, on the other hand, generally accomplishes bis task 
much better and more quickly after Having seen how it must 
be done, and tbis is the advantage of our method. 

" The colored plate is for the purpose of assisting the ex- 
aminer in the choice of his colors, and helping him decide 
the character of the trouble from the mistakes tbe color- 
blind make. We have attempted to represent the colors we 
ftie now to speak of. They are of two classes, — 

" Ist, The colors for samples (lest-colors) ; that is, those 
Trhich tiie surgeon presents to the persona examined ; and 

" 3d, The ' colors of ennfusion ; ' tiat is to say, those which 
the color-blind selects from the heap of worsteds, because ho 
confuses them with that of the sample. 

" The first are horiioatal on the plate, and marked with 
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Boman numei'als ; tbe second are vertical, under the teat- 
colors, and marked with Arabic figures. 

" We have already deaeribed why such a. table cannot be 
constructed with a email number of colora adapted ta all 
color-blind. It is, moreover, often difficult — even impossi- 
ble — to accurately give the brilliant colora the worsteds 
have. The test-colors, with the exception of II,, answer lie 
purpose; but tlie others not so well, from the difficult; we 
have spoken of, and because all color-blind do not choose 
the same shades of the same color. 

" The colored table is not intended to be direclly used io 
teat with, though it may serve this purpose ocoaaionally. It 
is rather to simply assist the surgeon in his choice of the 
correct t^st-colors, and help him diagnosticate the special 
form of color-blindnesa. 

" Aa to the conformity between the worstfida the color- 
blind take from the heapand the confnsion-colorsof the plate, 
we must simply rely on the tone, and not much on the in- 
tensity of light or degree of saturation. In all cases where 
we have to vary from this rule, we must hold to the relative 
rather than the absolute saturation. The coufusion-colots 
of ovir table are only to illustrate the color-blind's mistakes, 
and this purpose they serve perfectly. Having made tbi< 
explanation, we will pass directly to the test itself. The 
following are the directions for conducting this, and making 
OUT diagnosis from the results : — 

" Test I. — The green sample is presented. This sample 
should be the palest shade (the lightest) of very pure green, 
which is neither a yellow green nor a blue green to the nor- 
mal eye, hut fairly intermediate between tlie two, or at least 
not verging upoa yellowish green. 

"Rule. — The examination must continue until the one 
examined has placed near the sample all the other ekeina of 
the some shade, or else, witli these or separately, one or sev- 
eral skeins of the class corresponding to the ' colors of coo- 
fusion ' (l-C), until he has sufficiently proved by his maimer 
of doing it that he can easily and unerringly distinguish the 
confused colors, or until he has given proof of immiatafcaUe 
difficulty in accomplishing this task. 

"Diagnosis. — He who places beside the sample, one of 1 
the ' colors of confusion ' (1-5) — that is tc say, finda that it J 
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[ resembles the ' teslxjolor ' — is eolor-hlind. He who, withont 
I being quite guilty of this confusion, evinces a manifest dis- 
position to do so, has a feeble ckromaiic seme. 

"Remark. — -We must remember that we might have 
taken more than five colors for ' confusion ; ' but we have 
here in view, not every kind of defective color-sense, bat only 
t^ose important iu the business of railways. The number 
of colors on the plate is therefore sufficient, as these are the 
most important and most common. 

"As to No. 1, whicli represents the gray color, we would 
remark that too much stress must not be laid on the 
light intensity, or on slight differences in the color-tone. 
This is especially true of the gray skeins which the exam- 
ined puts with the sample. U we need determine only 
whether a person waa color-blind or not, no further test 
would be necessary. E we want to know the kind and 
I degree of his color-blindness, then we must go on with 
' another test. 

" Trbt II. — A purple skein is shown the examined. 
The color should be midway between the lightest and dark- 
It will only approach that given in II. of the plate, 
because the color of the worsted is much more brilliant and 
saturated, and more towards the blue. 

"fiaJe.— The trial must be continued until the one ex- 
amined has placed near the sample all or the greater part o£ 
Uie skeins of the same shade, or else, simultaneously or sep- 
arately, one or several steins of ' confusion ' (8-9). He who 
confuses the colors selects either the light or deep shades of 
blue and violet, especially the deep (6 and 7), or the light 
r deep shades of one kind of green or gray inclining to 
blue (8 and 9). 

" Diagnom. — 1. He who is color-blind by the first test, 
and who, upon the second teat, selects only purple steins, is 
' incompletely/ color-blind. 

"2. He who, in the second test, selects with purple only 
blue and violet, or one of them, is completely red-blind. 

" 3. He who, in the second test, selects with purple only 

Ben and gray, or one of them, is completely green-blind. 

" Remark. — The red-blind never selects IJie colors taken 
by the green-blind, and vice versa. Often the green-blind 
[daces a violet or blue stein side of the green, bat only the 
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brightest shades of these colors. This does not ii 



" The fact that tnMiy green-blind select in this test, be- 
sides gray and green or one of these colors, also bright bloe, 
has led to misimderatajiding. Some have from this con- 
cluded that red and green bliadness may exist together in 
the same individual ; others have thought that these two 
kinds of color-blindness were not readily distinguished by 
ray method. The former conclusion is^ not correct. The 
tno kinds have great similarity in close unanimity vrith the 
theory, but difier in innumerable alight variations. They 
are neverthelesa, in view of the theory, to be considered u 
two sharply defined species. 

" The second conclusion can only arise from not under- 
standing and not using the method correctly. The especial 
purpose of this method must here be kept constantly in 
view, and that is to find a characteristic of tiio defective 
oolor-peraeption of the examined. This characteristic, or 
sign, with green-blindness, is the confnsing the purple with 
gray or green, or both. This confusion is the point to be 
determined : all else may be neglected- A complete coloi^ 
blind, who confuses purple with gray or green (bluish green), 
or both, is green-blind, do what eUe he mat/. This is the rule, 
and it will not fail the careful and observant examiner who 
understands the application of the test. On the contrary, it 
is often possible, in marked cases of incomplete color-blind- 
ness, to decide which kind we have by the way the examined 
acts with his hands. 

"Wa do not mean by this that the diagnosis is always 
very easy. Practice and knowledge are necessary. More- 
over, as we have often said, there is a long series of degree* 
from incomplete color-blindness to normal vision on the ons 
side, and, on the other, to complete color-blinduess. There 
must naturally be a border line where difierences of the two 
kinds of color-blindness cease to be recognized. 

" The examination may end with this test, and the diag- 
nosis be considered as perfectly settled. It is not even nec»- 
saiy, practically, to decide whether the color-blindness a 
red or green. But to be more entirely convinced of the 
relation of complete color-blindness with the signal-colon, 
and especially to convince, if necessary, the railway em- 
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ploy^s and others who are not specialists, the examination 
may be completed by one more trial. The one we are going 
to mention ia not necessary to tke diagnosis, and only serves 
to corroborate the investigation. 

" Test III. — The red skein ia presented to the snbject. 
It is necessary to have a vivid red color, like the red flag 
used aa aignala on railwaya. The color should be that of 
H. 6 of the plate, rather towards yellowish red. 

" Ejile. — This test, which ia applied only to those com- 
pletely color-blind, should be continued until the person ex- 
amined has placed beside the specimen all the skeins belong- 
ing to this shade or the greater part, or else, separately, one 
or several 'colors of confusion' (10-18). The red-blind 
then chooses, besides the red, green and brown shades, which, 
(10-11), to the normal sense, seem darker than red. On the 
other hand, the green-blind selects opposite shades, which 
■appear lighter than red (12-13). 

"Remart.- — Every case of complete color-blindness dis- 
covered does not always make the precise mistakes we have 
just mentioned in the preceding examinations. These ex- 
oeptione are either instances of persons with a comparatively 
inferior degree of complete color-blindness, or of color-blind 
persons who have been exercised in the colors of signals, 
and who endeavor not to be diacovered: they therefore 
luually confound at least green and brown; but even this 
does not always happen. 

"Additional Note. — We have not given rules for dis- 
covering lolal color-blindness, because we have not found 
Boy cases of this kind. If any such should be found, they 
will be recognized, according to the theory, by a confusion 
of every shade having the same intensity of light. 

" Violet-btindnei!3 will be recognized by a genuine confo- 
sion of purple, red, and orange in the second test. The 
diagnosis should be made with discrimination. The first 
test often shows blue to be a ' color of confusion.' This 
may, in certain cases, be the sign of violet-blindness, but not 
always. We have not thought it advisable to admit defects 
of this kind : only the most marked cases, that other exam- 
inations establish as violet color-blindness, should be reck- 
oned in the statistics. Finally, to acquire a desirable uni- 
formity, it is necessary to add, that, in the preparatory 
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exdimination, it b my habit to icdicjita in the jonrnal, ei 
cially kept for that purpose, cnaea of complete color^Undnfm 
by 2 (2 E., 2 G., 2 V.). those of incomplete blindneas by 1, 
and those of feeble chromatic seose by 0.5 (0.5 B., 0.5 G., 
0.5 V.)-" 

Professor Holmgren Las subsequently pabUsbed 
a further explanation of this method of testing 
for color-blindness, which is not in the Swedish, 
French, or German edition of his book, nor in the 
abridged translation of the Smithsonian. I there- 
fore add it here in fuU, as it is very important for 
examiners : — 

" The Detection of Color-Blindness among Large Nimben. 

"Thoaa who, in the collection of material for Bcienti&e 
research or for the practical purpose of control among rail- 
road employes and sailors, have to teat the color-sense of 
large numbers of persons, in order to separate the colorJ>liud 
from the normal, and ascertain the former's kind of defect, 
will have found the great value of a method which is rapid 
and sure in its norking. This is very satisfactorily fulfilled 
by my method with the worsteds as onginally given. But, 
to gain still further time, — that is, to increase the rapidity 
of the examination without detracting from its anre^ and 
practicability, — I have lately somewhat simplified the 
method of working, whilst retaining the sajne principle 
thereby gaining a third or more of the necessary time. 

"As my method has been so favorably received, and tta 
use spread so rapidly and so widely, I think it right to give 
a brief explanation of this modification for the benefit of 
profesHional men. 

" The worsted method, from the many colors and the 
movable character of the material, is very readily appli- 
cable to any special case. It can, as no other, be variously 
modified to meet circumstances. We are here dealing with 
practical contrivances of more general value, which, simple 
as they may seem, were only learned by long eiperienoe. 
They partly relate to the worsteds, and partly to the par- 
ticular way of carrying out the test itself. 
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"I. Therightohoiooof coloraforthecoUection of worsteds 
to be ufled helpa not aJittletoshorten the eiiaininatiou. All 
who are practically acquaiuted with my method have had 
tiieir patience tried by the want ot readiness of the Dormat- 
eyed in picking out the lighter of the green ekeina corre- 
sponding to the sample from tlie other green shades of the 
handle. In my book I had to devote many pages to this 
point. As I iJiere said, it is the normal-eyed who cause 
most loss of time, from their peculiar miBappreciatiou of 
the green colors, which is ot , no importance for the main 
object, and generally to be corrected. The color-blind, on 
the other hand, make no such errors, but otiier rery difierent 
■nd characteristic mistakes, and generally very quickly. 

" There is therefore considerable gained if we can help 
the normal-eyed, and still not chnnga the conditions of the 
test for the color-blind. This may be done by leaving out 
of the bundle of worsteds all tha green colors, except the 
lighter ones belonging to Teat I. In this primary teat the 
choice for the normal-eyed will be within quite narrow lim- 
its; and, as experience has shown, they are quickly through. 
The color-blind, however, to whom the other colors, or so- 
oalled confuaion-colora, resemble the green, has aa great a 
^cdoe as before. 

" The removal of the superfluous greens is therefore sim- 
plifying the method, and an improvement from the saving 
of time. We lose also nothing from the certainty of the 
color-blind's distinguishing himself from the normal-eyed. 
We must, however, not fail to remember, that, though this 
renders the method more precise as to the practical point, 
yet it also limits it. Opportunilj for otaervicg certain 
other points is lost. For instance, we have reduced to a 
minimum the chance of watching the evident difference in 
the intelligence, practice, and education of the eiamined, 
all which possesses a certain psychological interest. 

"When, as in railroad employes and sailors, we are con- 
cerned alone with rapidly detecting the commonest forms 
and degrees of color-blindness, — namely, complete red and 
green blindness and incomplete color-blindness, — we may 
of conrao, aJao, leave out the brigbt-blne worsteds, and, with 
.Test II., the brightviolet colors. But in Test U. we must, 
,ibr the green-blind, leave all the grades of the bluiah-green 
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confusion-color, No, 9 of the plate. I will here speak only 
of tlie green colors, becuuae they are of most importance, 
and sufficiently indicate the principle of the EimpiiScotioQ. 

" II. As to the carryiag-out of the test, it could Dot be 
quicker than the selecting at once from hundreds of persom 
the color-blind from the Dormal-eyed. Such an examina- 
tioD of a, maaa of people is conceivable, but not pi^icticikl, 
because the necessary surety and certainty, as well as the 
classification of the color-blind, demand a separate exami- 
nation of each individual. 

"This simplification, however, allows o£ u larger number 
of persona together being prepared for the teat. A principle 
of the method is the fact that the examined does nob huvfl 
to anawtr any question, tat is simply compelled to show 
the character of his color-sense by a definite action. This 
of course implies his being instructed as to precisely what 
he is to do. Just how this is done, and the test conduct^ 
has no sraaU efiect on the rapidity of the whole examina- 
tion. If each person is thoroughly instructed as to what IM 
is to do, he finds it extremely simple, aJid rapidly makcfl 
the test, whether he is color-blind or not. 

"The certainty of the test is not interfered with whilst 
its rapidity is increased by giving the preparatory instruc- 
tion to a large number together. It adds to rapidity, if all 
the examined, or as many as possible, see each individual 
tested. We need not fear that the color-blind can leam 
any thing hy seeing what the normal-eyed do. The efiect 
of the examination is all the more striking ajid couviucing 
when a number have regularly gone through with the test 
correctly, and then one comes who has for some time stood 
among the lookers-on, and makes the characteristic mis- 
takes of the color-blind. This is always the case. On the 
other hand, a nonnal-eyed may thus leam to imitate IJie mis- 
takes of a color-blind. In testing numbers thus, it would, 
however, but rarely happen that any one was interested in 
simulating color-blindness. Even in this case counterfeit- 
ing the color-blind is readily detected by the subsequent 
control examination, and hence quite harmless. 

" With these preliminary remarks, the practical rales for 
quickly testing large numbers for the common forms of 
color-blindness may be briefly given as follows ; — 



ITS DANGERS AND ITS DETECTION. 219 

" 1st, In the first test, wo leave out of the bundle of wor- 
' flfeds all the greens, with the eingle exception of thoae to 
which the teat^«)lor I. belongs (vide the plate), and which 
should consist of about five grades or ehodes. 

"2d, When using the second test, we put in the bundle or 
near it the bluish greens of various intensities, correspond- 
ing to the confusion-color No. 0. 

"3d, Before commencing, let some fifty stand round the 
table on which the worsteds are placed, or be so arranged 
that they can see what takes place on the table. Then call 
attention to the test as follows ; — 

"4th, We hold up the five green worsteds before the ex- 
amined, and tell them to carefully observe them, so aa to 
readiJy and quickly pick them out from all the mixed-up 
colors. Then we place test I., the brightest of the five, to 
one aide, and mix the others well in the bundle. With our 
own hand we rapidly pick these out again, and lay them 
-with the first to one side : in other words, we perform the 
test just aa it should be, and this ve can repeat as often as 
ia usefot in hastening the examination. 

" 5th, After this preparation, we let the examined come 
one after the other to the table, and repeat the test they 
seen done. The others must keep quiet, and neither 
by laughing, calliag out, or algns, interfere with tKe one 
being tested. 

" 6lh, When any has shown himself color-blind by this 
test, then, for the difierential diagnosis, Test II. will be used. 
Test HI. need not be at all, 

" 7th, As in general the teat is rapidly made, a feeble sense 
of color is shown by great slowness in the manifestation. 

"We may thus with perfect certainty test a hundred or 
more individuals in an hour, especially soldiera or those 
■under discipline. 

" Finally, I would remark, that, with this method of test- 
ing, we need not speak a word, of which experience has 
convinced me. We may test the dumb without even know- 
ing their sign-language. This method, therefore, recom- 
mends itself above all others for testing uncivilized people 
whose language is unknown to the examiner. Such exam- 
inations, which I have already carried out to a small extent, 
will be of interest in reference to the question of develop- 
ment of the color-sense in general." 
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I have thus given Holmgreu's precise desorip- 1 
tion of the ■worsted-test as he carries it out. My 
own experience has been to lead me to employ the 
seemingly longer method with the larger oiimber 
of greens. Therefore I add here the exact de- 
scription given in the original in full of the way 
of conducting it. To those of my readers who 
may consider it superfluous or unnecessarily ex- 
tended, I would say, try and go on with the test 
aloae amongst those with whom a mistake oa 
your part would be fatal, and you will gladly turn 
back and carefully study this following chapter, j 
with thanks to Holmgren for it. 
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I SPECJIAL DIEECTIONS POR CONDUCTING THE TEST. 

" Thb method, as we have said, plaja an important part 
in an examination of this kind, not only from the principles 
upon ■which it rests, but also from the manner in which it 
b used. The beat plan for directing how to proceed is 
by oral instructions and de visu ; but here we are obliged to 
accomplish this by description. Now, this ia always defec- 
tive in some respects, especially if we wish to bo brief- 
What has been said would evidently suffice for an intelli- 
gent and experienced physician ; but it may sot be superflu- 
Diis to enter still further into detail to provide gainst any 
possible difficulties and loss of time. The object of tha 
esamination is to discover the nature of a person's chro- 
matic sense. Now, as the fate of the one to be examined 
and that of others depend upon the correctness of the judg- 
ment pronounced by the examiner, and that this judgment 
should lie based upon the manner in which the one exam- 
ined stands the trial, it Is of importance that this trial 
should be truly what it ought to be, — a trial of the nature of 
the chromatic sense, and nothing else, — au end that will be 
gained if our directions are strictly followed. It is not only 
necessary that the examiner carefully observe them, — which 
does not seem to ua difficult, — but that he also take care 
that the individual examined does thoroughly what is re- 
qnired of him. This is not always as easy as one might 
suppose. If it were only required to examine intelligent 
people, familiar with practical occupations and especially 
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witii colors, and with no other interest connected with Ihe 
isBUB of the examination than to know whether they are 
color-blind or not, the esatnination wonld be uniform and 
mechanical ; hut it is required tn examine people of to- 
riouB degrees of culture, all of whom, besides, have a per- 
sonal interest in the issue of the examination. Different 
people a4;t very differently during the examination for many 
reasoDS. Some submit to it without the least suspicion of 
their defect; others are convinced that they possess a nor- 
mal sense. A few only have a consciousness, or at least 
BOiae suspicion, of their defect. These last can often be 
recognized before the least examination by keeping behind 
the others, by attentively following the progress of the trial, 
but, if allowed, willingly remaining to the last. Some are 
quick ; others, slow. The former approach unconcernedly 
and boldly; tlie latter, with over-anxiety and a certain 
dread. Some have been perhaps already tested, and prac- 
tised themselves in preparation for the trial ; others have 
never been familiar with colors. Among those already 
tested may be some color-blind. Some of these latter UB 
uncertain about their mistakes, and act with great care; 
whilst others again are practised in distinguishing the sig- 
nals and hence conclude that their color-sense is perfect. 
They make the trial quickly, and without thought; of coune 
regularly making the mistakes characteristic of their sp^ 
ciftl form of color-blindness. 

" The majority, however, desire to x>erform their task as 
well as possible; that is, to do what the normal-eyed does. 
This of course assists in testing them, provided it does not 
lead to too great care, as then the testing the color-blind is 
more difficult; the trouble being that much time is thus 
wasted. Only a very small part have a contrary desire i 
namely, to pass for color-blind, though ttonnal-eyed. We 
will speak of these later, and now only concern ourselves 
with those who stand the test in good faith with the desire 
to appear normal, though perhaps color-blind. 

"The trial generally goes on rapidly and regularly. We 
will only mention those hinderancea and peculiarities which 
most frequently occur. The examiner must watch that no 
mistake is made from not understanding. The names of 
the colors need never be used, except to ascertaia if tha 
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name learned hides the subjective color-sensation, or to find 
the relation between the name the color-bliad employs and 
hia eolor-pereeption, 

" The perHon examined who tbinks more of names than 
the teat itself (thia being generally a sign of achool-1 earn- 
ing) selects not only the worsteds of the same shades, — that 
is, those of the same color to bia eye, — but all which gener- 
ally have the name of this color : for instance, in the first 
test L, not only the green like the sample, but all that are 
green; and with the second test, not only the purple (and 
what are generally called red), but all which look reddish, 
Bcarlet, cinnabar, or sealing-wax red. This is of no impor- 
tance; for those who only do thia have scarcely auch defec- 
tive chromatic sense aa we are concerned with. He is either 
normal-eyed or violet-blind. Simply aa a teat of violet- 
blindness in the interest of science, we can go on with the 
trial, and ascertain how far the grouping of the two colors 
was due to a confusion of names or to defective color-percep- 
tion. Otherwise thia examination does not concern the prac- 
tical point we aim at. 

" Under any circumatance it ia better to correct the mis- 
takes just mentioned, when arising from misunderstanding, 
and even necessary, in reference to mistakes we explained 
with the first test. It might be said that it was sufficient 
if the examined confounded the sample-color with green 
only ; that it waa indifferent whether he distinguishes care- 
fully between the varioua kinds of green. Bnt, in fact, thia 
ia not 80 unimportant. We must give full value to the 
determining whether the infraction of the rules arises from 
miaunderstanding, or lack of practice with colors, or, finally, 
from a true chromatic defect To include all that is green 
would render the test tedious and unpractical. In fact, no 
little judgment has been exercised in the selection of the 
very lightest shade of tbe green proposed aa a aample-coJor ; 
tor it is exactly what the color-blind most readily confounds 
with the colors (1-5) of the plate. If the subject were 
allowed to depart from the narrow limits established by the 
trial, it would include every shade of green; the result of 
wliich would be that he would prefer to select all the vivid 
shades, and thus avoid the dangerous ground where bis 
defect would certtunly be discovered. Tliis is why it is 
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necessary to oblige him to keep within certain liinita, con- 
fining him to pure green specimens, and, for greater secority, 
to recommend him to select especially the lightest shades; 
for, if he keeps to the darker shades, aa laany try to, he 
readily passes to other tones, and loses himself on foreign 
ground, to the great loss of time and certainty of the test. 
What we have just said of green applies also, of course, to 
purple, 

" The principle of our method ia to force the one exam- 
ined to reveal himself, by an act of hia own, the nature of 
his chromatic sense. Now, aa this act must be kept within 
certain limits, it is evident that the examiner must direct 
him to a certain degree. This may present, in certain coses, 
some difficulty, as he will not always be guided, and does 
either too much or too little. In both cases the examiner 
should use his influence, in order to save time and gain 
certainty; and this is usually very easily done. Tiiis inter- 
vention is of course intended to put the examiner in the 
true path, and is accomplished in many ways, according to 
the case in point. 

" We will hero mention some of the espedienta we have 
found useful : — 

" (A) Interfering loAen the Ezamtned felect loo many Colon. 

"It is not always easy to confine the one examined with- 
in the limits of the method. He easily slips in tbo first 
test, for example, a yellow-green or blue-green skein among 
the others, and, as soon aa there is one, others follow usually; 
and it thus happens that in a few moments he has a whole 
handful of yellow-green, a second of bine-green, a third of 
both these shades at the same time. Our process has 
assisted us in more than one case of this kind. 

" (a) When the person examined has begun to select 
shades of one or several other colors than those of the 
sample, his ardor is arrested by taking from him the hand- 
ful of skeins he has collected, and asking him whether his 
eye does not tell bim there are one or several which do not 
match tiie others, in which case he is solicited to restore 
them to the pile. He then generally remarks that there is 
some obscuration, and proceeds in one of the following 
manners : — 
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" 1. He rejects, one after the other, the foreign shades ; 
BO that the correct remtiiii, tvhioh is often only the sample- 
skein. He is showD what mistake he Iioa made. Names 
are used to remind him tliat one class of green may be 
yellow green ; and another, blue green : nnil, to induce him 
to avoid tbem, he is advised only to select skeins of tlie 
same shade as the specimen, although they be ]ight«r or 
darker, and have neither more yellow nor blue than that. 
If his first error arose only from a misconception or want 
of practice ia handling colors, he begins generally to under- 
stand what he has to do, and to do properly what is required 
of him. 

"2. Or else he selects and rejects immediately the skein 
o£ the sample itself. This proves that he sees the difference 
of color. He is then shown the akeiu as the only correct 
one, and asked to repent the trial in a more correct manner. 
He is again put on the right track as just before; and the 
trial proceeds rightly, nnleas the error arose from a defect in 
the chromatic sense. Many seem, however, to eiperieuce a 
natural difficulty in distinguishing between yellow green 
and blue green, or the dull shades of green and blue. ThlB 
difficulty is, however, more appareut than real, and is cor- 
rected usually by direct comparison. If the method requir- 
ing the name of the color to be given is used, a number of 
mistakes may be the result. If a skein of light green and 
light blue alone are presented to him, asking him to name 
them, he will often call blue green, and green blue. But 
if, in the first case, a blue skein is immediately shovm him, 
he corrects his mistake by saying this is blue, and that 
green. In the last case it happens so mutatis miUaiiiiis. 
This is not the place for an explanation. It must suffice to 
say that the error ia corrected by a direct comparison be- 
tween the two colors. 

"There is, according to the theory, one class of the color- 
blind — violet-blind — who, in consequence of the nature 
of their chromatic sense, and, tlierefore, notwithstanding 
the comparison, cannot distinguish blue and green. But 
our method has nothing to do with this class of the color- 
blind, because such are not dangerous on railways. 

" (6) Another Procew. — If the one examined place by the 
aide of the sample a shade, for instance, of yellow green, the 
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examiner places near this another shade, in which there is 
more yellow, or even a. pure yellow, remarking, at the asme 
time, that, if the first suit, the last must also. The other 
usaally dissents from this. He is then shown, by selecting 
aQtl classing the intermediate shades, tliat there is a grada- 
tion, which will diverge widely if logically carried out as he 
has begun. The same course ia followed with colors of the 
blue shades, if the bine-green were first selected. He sees 
the sDCcessive gradations, and goes through with tiiis test 
perfectly if his chromatic sense is correct. 

*' To asceitain further whether he notioes these additiona, 
or the tints of yellow and blue in the green, we can take 
ourselves the yellow green and blue green to ask him if he 
finds this to be so. We can judge by his answer of his 
sense with regard to these shades, and the object of this 
investigation is accomplished. 

" It results from all this that many who are finally con- 
sidered to have a normal chromatic sense may occasionally 
cause embarrassments. In the main, the normal observer 
of this kind causes greater loss of time than the color-blind. 
It is astonishing to see with what rapidity the color-blind 
betray their defect. At least it is found, in the majority of 
the cases examined byus, tliat the first skein of wool selected 
from the pile by the color-blind in the first test was one of 
the ' colors of confusion.' 



" (B) Interfering token the Examintd select too fe 
" Those who evince too great elowpesa also require the 
interferences of the examiner in another manner. We can 
lay aside here those cases in wiiieh, at the sight of the com- 
plex colors of the heap of wool, the examined finds it diffi- 
cult to select a skein resembling the sample ia a collection 
where all the particular colors seem to differ from each other, 
and in consequence declares immediately that he can find 
none resembling the specimen. It is replied that an absolute 
resemblance is not demanded, and that no one asks impossi- 
bilities ; that time is limited, many are waiting, &c. But 
there are people who — from natural slowness, from being 
unaccustomed lo such business, from fear of making mis- 
takes, and especially if previously examined and suspected of 
oolor-blindnesB, or from many other motives — proceed wi^i 
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the greatest caution. They do not even wish to touch the 
wool ; or they aearah, select, and replace with the greatest 
care all the possible skeinH without flndicg one correspond- 
iug with the sample, or that they wish to place beside it. 
Here then are two cases : on one hand, too much action with 
the fingers, without reault; on the other, too little eSort. 
The examiner is forced to interfere in both cases. 

" (a) At the time of a too great manual action, without 
corresponding practical result, the examiner must be care- 
ful that the eyo and hand act simultaneously for the accom- 
plishment of the desired end. 

" Some people forget that the hands should be subservi- 
ent to the eye in this trial, and not act independently. Thus 
they are often seen to fii their eyes on one side while their 
hands are engaged on the other. This should be corrected, 
80 as to save time and avoid further labor. When, from the 
manual activity of the one examined, or by the nnobserved 
aid of the examiner, all the correct skeins, or only a portion, 
are found in the pile, it is wise to stop, and invite the former 
to cross his hands behind his back, to step back a pace, and 
quietly consider all the skeins, and, as soon as his eye has 
met one of those for which he is looking, to extend his hand 
and take it. The best plan is to advise him to look first at 
the sample, and then at the pile, and to repeat this manoeu- 
vre until hia eyes find what he ia looking for. 

" This stratagem generally succeeds when nervooaness 
from over-anxiety cauaea his hands to tremble ; but it is 
not always easy to induce him to keep his hands behind bis 
back mitil the moment for taking the skeiu in question. 

" (b) In cases of great caution, the trial is hastened, if the 
examiner come to the assistonce of the other by holding 
above the pile one skein after the other, and requesting him 
to say whether it resembles the color of the sample or not. 
It will be advisable first to select the skeins that a color- 
blind person would approve. If he is so, he will approve of 
the selection, and the question is settled ; if not, he rejects 
them, not without a characteristic smile, or with an expres- 
sion of wounded dignity. This also enlightens us as to hia 
chromatic sense. But even the color-blind may, in such a. 
case, refuse what is presented, especially if hia caution is 
premeditated, and he suspects that a snare is intended. It 
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is found quite frequently that he rejects the correct shades 
likewise presented with the others. This is not the case 
when one, having a normal chromatic sense, is slow and 
deliberative when subjected to the test underthis form. He 
has an eye alive to the correct colors. 

" One process, in cases of this last kind, is to select false 
samples, which are placed quite near the correct one, by the 
side, above, or below, to attract the attention of the exam- 
ined from the right side. It is necesaary so to proceed that 
the true sample be displaced when the others are drawn ont, 
so that the person examined may see it move. It does not, 
however, always happen to catch his eye. The best means 
is then to make him examine the whole, with his hands 
behind his back, and invite him to freely make his choice. 
But, whatever the process, it is necessary, in every ease 
where one has been assisted in selecting a certain uuml>er 
of skeins which he has found analogous to the sample^color. 

I to make a rule not to conclude the trial without examining 
into the effect of the aid accorded. It is necessary to held 
in the hand the approved package, and ask if he is satisfied, 
or if he would desire any change. U he approve the choice. 
the diagnosis is established. The same course must be pur- 

. sued with the defective chromatic sense, that the trial may 
be made with or without assistance. To be thorough, the 
name given by the color-blind to the colors in question may 
be likewise asked. 

,^ *' In cases where any one suspected of color-blinduess has 

remained some time to see the trial of others, and where, as 
often happens, he has remarked the samples belonging to a 
required green shade, he may of course profit by it in his 
own trial. But this can be prevented by furtively conceal- 
ing one or two of these samples. If be seem to be disposed 

I to confound green and gray, it will be very easy to entrap 
him. If we do not succeed, even when assisting him, in 
entrapping him in this snare, the hidden samples may be 
put back into their places, to be convinced that the trial is 
correct. 

I "From the above, it is seen that many artifices may be 

necessary iu our examination. It may be regarded as an 
advantage of our method that it has at command a great 
variety of resoorees. Wa have by no means mentioned all; 
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and yet many who have only read this deBcription will 
probably reproach ub with having devoted ourselvea too 
much to details which aeera to them puerile. But we be- 
lieve tiiat those who have examined the chromatia Bense of 
a great niiaiber of peraoiiB, and acquired thereby considera- 
able experience, will think differently. 

" We are convinced that time ia saved by such artifices, 
and a more certain result obtained ; whilst a practised sur- 
geon, who has become to a certain degree a virtuoso, will 
accomplish his object quicker and surer by such artifices 
than one who neglects them. Recent experience fully con- 
finuB this. All those who have familiarbed themselves 
wiUi my method, and have had experience with color-blind- 
ness, and of whose competence there can be no doubt, report, 
without exception, tliat it is to be fully depended on, ^the 
moat practical and the best. Therefore the single unfa- 
Torable opinion 1 know of — namely, that of Dr. Stilling ' — 
can only arise from neglect of the simplest rules of ths 
method. He thus appears to have wholly overloofeed my 
first and most important teat, and admits his inability to 
decide between the names and the color-confusions of the 
examined, which ia ao readily done by my method. Moreover, 
he used the plale in my book to test for color-blindneaa, in 
direct opposition to my eipreaaed directions, and the princi- 
ples of this mode of trial. This will suffice to explain to 
every intelligent person Dr. Stilling's erroneoua and con- 
fused ideas as to the application and carrjing-out of my 
method. The lack of value of a judgment baaed upon sneh 
a. misapplication and wrong use of the method is self-evident. 

" An advantage of our method we showed to be, that 
those who were to be examined could be present and see each 
individual tested, without this interi'ering in the least with 
the certainty of the result. The individual test ia even 
hastened thereby. The color-blind, and even the normal- 
eyed who are not familiar with colors, are generally rather 
shy about being tested in whatever way it is done. As oars, 
however, is carried out, they have more reliance. The ma- 
jority are even amused. The old adage holda true here, that 
■ 3 find fault than to do it yourself. The surgeon, 

' Die Priifnag des FarbensinDes Liiem Eiaenbahn und Marintr- 
personal. Casscl, 187S, 1st edition. 
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-who -watches not only the examined, biit also those aronnd, 
can often see from their faces how closely the latter observe 
the person being tested when he takes out the wrong colore, 
as also when he neglects the right ones under his eye. This 
gives thoae looting on confidence and assurance, tjU (heir 
turn comes, when they appear as uncertain aB before they 
were confident. There is in this something attractive, stimtt- 
latiiig the interest, and hence not without benefi.t, 

"From this we see that our judgment of a person's color- 
sense is made, not only by ttie material result of the exami- 
nation, the character of the worsteds selected, but often also 
by the way the examined acts during the test. We should 
mention a very common manner of persons on trial, which, 
in many cases, is of great diagnostic value. Often, in search- 
ing for the right color, they suddenly seize a skein ta lay it 
with the sample ; but then notice it does not correspond, 
and put it back in the heap. Tliis is very characteristic ; 
and, if an examiner bsB often seen it, he can readily recogniie 
it, and be assured that it is an expression of difficulty in dis- 
tinguishing the differences of the colors. We freqnently 
see this in the first test, with shades of greenish klu 
bluish green. Here it means nothing important : quite 
the reverse, however, when it concerns the gray or one of the 
confuBion^»lors 1-5. Unceriainty and hesitation 
these colors, which the color-blind do not distinguish from 
the sample, even when directly comparing them, ia positive 
proof of mistake, implying defective chromatic vision, like 
the complete color-blind. J^o doubt the form of chromade 
defect which we have called incomplete color-blindness exist* 
in several kinds and degrees. This is not the place to further 
discuss our experience on this point; and, for the practical 
purpose we have in view, it is not necessary. Aa we havft 
explained, there are, among these, forms gradually approach- 
ing normal color-sense. How they appear has been described. 
We designated them aa feeble color-neme. 

"It is, perhaps, not easy to detect this special form by 
any other, or even our own, method : therefore we give the 
following as a means of ao doing. The only way of getting 
at the point is one we gave in the early chapters of our book; 
namely, the determining at what distance the examined 
could distinguish a small colored surface. For, in fact, we 
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have to do with a feeble color-sense, which does not prevent 
the distinguishing of tlio colors, but only renders it difficult. 
We may suppose, in comparison to the normal color-seuae, 
the fifhle is due either to a weaker response to excitation. 
on the part of the color-pereeptive organs of the retina, or a 
relatively smaller number of these organs. In either case 
this method would give us the same result, judging from our 
experience in testing the eccentric portions of the field of 
vision with the perimeter. 

"The method we here apeafe ot shows ua also the effect 
of habit and practice on the color-pereeption, and it is worth 
■while to dwell on this point. It happens not seldom that a 
person who by test No. I. has been noted ' incomplete color- 
blind,' after tiiey know of their mistake and have practised 
in distinguishing colors, will so comport themselves at a 
second trial that we have to simply mark them as of 'feeble 
color-sense.' This fact might support Dr. Favre's idea that 
defective chromatic vision may be improved. This possi- 
bility, however, does not militate against our hypothesis 
from the theory, as to the nature of feeble color-sense. It 
does not change our stand-point in the question. We have 
the same sometimes with test No. U., explainable by what 
we have said ; namely, that, between the complete lack of 
chromatic sense and the incomplete, there waa a series of 
gradations, and that just here practice would affect the re- 

" All the examples here spoken of but prove that many 
seeming trifles and stratagems are of value in making the 
examination, — amongst others the keeping the sample a. 
little way off from the heap of worsteds, as also the removal 
of every thing which can cause the examined doubt and 
uncertainty. We must not, therefore, let them do what 
many want to; namely, hold a number of the worsteds in 
the hand at once. We must make the person being tested 
place each skein, as he takes it up, either with the sample 
or back on the pile. Many who are not clear whether tJie 
. skein ia like the sample or not, instinctively put the shades 
most resembling the testsample at the side of the pile 
towards it, and ttius gradually form a little bridge, whose 
security they would not undertake to vouch for. No such 
half-rules must, however, be allowed. 
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"Deeidmij whether the Examined are Jilted for their Duly. 
" The method of ecrutiny here described is able to detect, 
as we have seen, not only complete or incomplete color- 
blindaeBa, but a feeble cbromatia sense. Moreover, it has 
been proved that there is a perfect gradation, from complete 
color-blindness on the one aide to the normal chromatlo per- 
ception on the other. The questjoa then naturally arises, - 
from our practical point of view, whether it is possible to 
draw a dividing line between the kinds and degrees of 
defective color-vision which would except those who could 
not cauae any inconvenience to the railway service, and, in 
case of an affirmative answer, where such lioiit ia to be 

" It must first be remembered, that, in the existing state 
of things, these questions neither can nor ought to be set- 
tled in the same manner in every case, since the examina- 
tion is intended for individuals of two diflerent classes, — 
lat, the aspirants for railway employment; and, 2d, the 
employds, or those already in aerviee. 

"It will be readily understood how great is the differ- 
ence of the cases, in deciding what may be the result of the 
examioatioD. We have already given our views on this 
point. Justice here calls for an essential distinction, sup- 
posing that the teat has been always made with sufficient 
accuracy. Hence we must pay especial attention to both 
of the above classes when deciding whether as employ^ is 
fitted for his duty. 

" (A) Those who are Applicants for Railroad Service. 

" We must bear in mind that in Sweden, according to 
the regulation in force there for the management of state 
railways (followed also, as for as we know, on the private 
lines), it is required, that, in order to be admitted, each 
applicant ' prove by a certificate from a physician that he 
is exempt from any kind of infirmity, disease, or defect of 
conformation that could be prejudicial to the exercise of his 
functions ; ' and also, that among these defects of conforma- 
tion, in connection witb signals, are reckoned the defects of 
the chromatic sense, to which the managers have especi&lly 
directed the attention of the physicians attached to the 
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" According to the principles wo have stated, the g 
Beverity should be observed in this case ; or, in other t< 
Uie least defect in the sense of colors should be a sufficient 
gronnd for rejection. 

"We must seek, therefore, to adapt the method of test to 
this law. The object of a test is to prevent any one from 
working as a railroad employd who does not have a perfectly 
normal color-perception. We have already sufEciently ex- 
plained the evils arising from, contrary action in case of 
admission to railroad- work. The border between normal 
and abnormal color-sense, like that between the normal and 
abnormal in all analogous flelda, is purely conventional, and 
can never be sharply defined. la this case, however, it is 
necessary, and our experience shows, that, so long aa the 
question of improving color-blindness is an open one, we 
must consider as over the border the slightest chromatic 
defect tliat our method can detect, or the slightest degree of 
incomplete color-blindness; that is, feeble color-perception. 
In consideration of the insignificance of the trouble, our 
demand seems hard ; and yet we think that it is not too 
severe. On the contrary, it is quite possible that hereafter 
still stricter rules will become necessary. 

" Our practical work is greatly simplified by drawing 
this boundary-line. We hold as fixed that the surgeon is 
not to be asked to decide whether a man is fit for Uie ser- 
vice or not, but simply to state the kind and degree of the 
color-blindness of the employ^ referred to him. The de- 
cision of an intelligent person is then immediate and 
decisive, whether he gives all the examined a written cer- 
tificate, including the color-blind, or refuses this to the 
latter. The statement of the slightest color-blindnesa in 
the first case, as also the refusal to give a certificate in the 
latter, are both equal to refusal. 

" (B) Employia already in Service. 
" We must here ask ourselves if we must not modify 
the limit we have just traced, in order to carry out the 
principle we stated before ; namely, that it is necessary to 
adopt less severe rules aa to the elimination from the service 
of those who are already employed. We here encounter 
great difficulties : and it will be seen that it is not possible 
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to BetUe ihe question Bummnrily ; that ia, that a sharply 
defined limit cannot be traced. In such cases the phjBician 
should always, when he discovers a defect in the chromatic 
eense, give a certifi.cate which will indicate its nature. 
These indicationB include, as we have already said, the di- 
agnoses complete red-hlindness, complete green4^indntss, incom- 
plete cotor-blindness, or a feeble chromcUic tense. 

" Our method adheres strictly to the theory ; but, oo 
account of the transitioa-forms, the diagnosis cannot always 
meet the very exact demands of the theory- If we class 
with complete color-blindness only those cases in which one 
of the three elements of the visual apparatus ia -wholly 
wanting or completely paralyzed, and with incomplete 
color-blindness only those cases in which none of the three 
are wholly wanting, but simply the reoeptability of one is 
very much reduced, we shall have to group many cases of 
the latter class with the first. On the other hand, we shall 
often have to consider the lower grades of incomplete color- 
blindness with feeble chromatic sense. We must, however, 
recall cases of a person — especially if subsequently prac- 
tised — being at the first esamination marked as com- 
pletely color-blind, whilst a second time they appeared only 
incompletely color-blind; and others where a person was at 
one time incompletely color-blind in the fullest sense of Uie 
word, whilst at another only feeble color-sense conld be 
shown. In such cases the record should state, in addition, 
'incomplete color-blindness,' approaching complete red or 
green, or incompleto color-blindneaa of slight degree, &o. 

"The same strict rule should be applied to those already 
employed as to those seeking service, and al! discharged 
who show any lack of color-perception. This would cer- 
tainly most surely protect the railroad service from danger. 
Such a general law, however, has its difficulties, especially 
as we must recognize, in respect to the danger of confound- 
ing the signals, a great difference between complete color- 
blindness and a feeble color-perception. The different cases 
of incomplete color-blindness vary also in degree. To draw 
a lino here, and say beforehand who shall be dismissed and 
who retained, will be as easy in regard to the first as diffi- 
colt in reference to the latter; for we are convinced that 
every case of complete color-blindness of both kinds, aa well 
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aa every caae of incomplete of the higher deffreea, should ba 
immediately diamisBed. But, aa regards those who may bo 
retained, it is clear that the first question coneertis those 
who, at the time of the trial, were regarded in the diagnosis 
only OS having a, feeble chromatic sense, and then those 
who in the first test merely confound gray with the sample- 
color. But we do not venture to lay this down as a prin- 
ciple; for, if it should he proved that these individuals can 
generally distinguish the light of colored lanterns with suf- 
ficient accuracy, this does not prove that it is so in every 
caae, and especially not at every distance required in the 
service. This is why we know nothing better to advise than 
to refer all such eases to competent specialists, as long as 
the transition period of which we have spoken lasts. 

"It may ba asked. How will the specialists themselves 
proceed? To answer this, however, would require a much 
more eitended scientific discussion of the various methods 
than we have proposed hero to make. We would only give 
some hints. A specialist who is familiar with this subject 
has all known methods at hia diaposition; and, if these fail, 
he need but invent others. Aa, however, I have been in the 
position of the specialist in reference to the reform on the 
railroads of Sweden, I will here say how I have proceeded. 

"In the esamination of doubtful cases submitted to my 
judgment, I determined according to several of the methods 
mentioned in one of the preceding chapters. In general, 
these persons were all subjected to a trial according to the 
methods of Seebeck and Maxwell, and an esamination by 
means of the visual perimeter and of colored shadows, as 
well as the lanterns of my invention and colored glasses. 
These last means have capacity especially in view ; and they 
are very suitable for the object, when it is desired to inves- 
tigate those who have been already discovered, by my 
method of Berlin worateda, aa having a defective chromatio 

"The light of colored lanterns and illuminated surfaces 
generally, conveniently arranged and methodically used, 
may serve especially in such cases to enlighten us aa to the 
faculty of the person examined for appreciating colored sig- 
nalfl. Our experiencea of this kind have ahown us that the 
majority of color-blind railway employes, however much 
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practice they have had, are utterly incapable of recognizing 
aud dlBtinguishiiig the regulation colors of lanterns, espe- 
cially when they are employed in the shades which are not 
most commonly in use in the service. This applies net only 
to the completely red and green blind, bnt also to the in- 
completely blind. These last require the moat circum- 
stantial investigation, and it is not to be assumed that the 
lower degrees can stand the trial. Thej may often, it is 
true, distinguiah the signal-lights at a short distance with 
sufficient accuracy; but they do not succeed at a compara- 
tively greater distance. As the places where the trials are 
usually made do not command such distances as railways 
for observing signals, signal-lights cannot of course be used 
for these trials. They are replaced by small illuminated 
surfaces, which, seen from a suitable distance, produce ex- 
actly the same effect aa lanterns at a great distance. Such 
surfaces are made by placing a screen, with a suitable openr 
ing covered with a colored glass, before the flame of a lamp. 
" We have, however, said enough in reference to means 
to be employed in such cases. We had no thought to enter 
into the details of them further, and doubt whether this 
would on the whole be advisable. The reason of this will 
be apparent from the following chapter," 
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CHAPTER XXI. 



EFFOKTS TO CONCEAL OE TO FEIQN COLOE- 
BUNDNESS. 

"We hare announced that none of the kinds of color- 
blindoess we have in view in this work could escape die- 
coTery by our method. But this, of course, assumes that 
the subject does bis best in the trial, and acts in good faith. 
If it happen that one persist*, either in concealing a con- 
scious color-blindness or for some other motive, io not 
giving the least information by act or word, it is evident 
that the examination must fail from this simple reason, and 
that it is impossible to draw any positive conclusion nith 
regard to his chromatic sense. The examiner may in such 
a case mention unconditionally in the certificate that the 
one examined refused to submit to the usual examination. 

"It is not difficult to say how it is necessary to act with 
regard to such persons. It sboiild, in fact, be the interest 
of each one possessing normal sight, desirous of entering 
the service of railways, &c., to endeavor to be competent in 
every respect, and consequently to give manifest proof of 
his sense of colors. The color-blind alone have any inter- 
eat in concealing their defect : therefore they endeavor to 
escape the trial. Every candidate who will tr; to avoid tbe 
prescribed trial must therefore be considered and treated as 
color-blind. Such obstinacy on tba part of an employ^ 
must be considered and treated as an infraction of the reg- 
ulations. 

" But cases may arise also in which those possessing normal 
sight will feign color-blindness, and act as if they were so 
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affected. This may occur when acme one wishes to receive 
a pension before the time, or else to escape punishment con- 
sequent upon an unexpected accident. These are just the 
very cases that put the method and perspicacity of the exam- 
iner to the test. The examination then assumes the character 
of a kind of criminal inquest, where the judge andtheaccused 
must give all the attention of which they are capable to 
their reciprocal acts and expressions, to t^ to entrap each 
other. The one examined tries to prove that he is color- 
blind, while the examiner endeavors to prove that he has 
normal sight. The prospect of coming ofE victorious in so 
singular a contest rests, in the last resort, with him who beat 
understands the nature of color-blindness, and has most ex- 
perience in the manner in which the color-blind act. To 
enable the pretender to deceive the examiner, it is absolute- 
ly necessary that he surpass the latter in knowledge of 
color-blindness. There ia in this an element of euccesa to 
the examiner, as it would l>e extremely rare to find a railway 
employ^ or sailor who would, under the circumstances men- 
tioned, be subjected to an examination by a person inferior 
to himself in knowledge. It is clear, in fact, that an exam- 
ination so difficult, so minute, and involving so much respon- 
sibility, should he confided to the most competent petaoD 
possible. But it is, on the other hand, very improbable that 
a case should occur where it would be necessary that a 
learned and experienced specialist wonld have to submit to 
an examination. 

" In the first place, exajninationa of tliis kind most rarely 
o<-cur; and, when they do, it must be at least in the most 
difficult ca^es, — that is to say, after an accident, — under 
circumstances where the one examined has, not had much 
time to study his part. It will generally be seen then that 
he has not a profound knowledge of the nature of color-blind- 
ness, but imagines it to be a difficulty or incapacity to di»- 
tinguisb signal-colors or colors in general. He will there- 
fore be governed by this idea; and either he will perfectly 
distinguish every other color, so as to mistake only the 
ai^al-colors, or else he will believe he must confound no 
matter what color. But, as we have seen, e.ach kind of 
color-blindness follows laws as fixed as the normal sense. 
Such a atrategem will not fail to violate them, and the ia 
vidual will be caught in the very act. 
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"But there ia absolutely nothing whicli opposes the sup- 
position that this individual may have ft cai'tain knowledge 
of tha natnra of color-blindness, or, at least, that he may 
have an idea of its regularity with regard to the confnsion 
of colors. He may have studied the proofs we have cited; 
and, owing to the exercise and observation of the color- 
blind, he will know how to perform them in a manner suit- 
able to the object in view. The examiner has always, how- 
ever, the choice of other sample-colors | and the Berlin- 
worsted method aifords a large choice. If that does not 
suffice, and the individual has learned from the truly color- 
blind to classify the whole collection of worsteds according 
to their Chromatic sense, — that is to say, that be can stand 
the trial according to Seebeck'a method, — and if ho is so 
thorough in his part that there is no means of making him 
depart from it by abrupt or contradictory questions, the ex- 
aminer may employ for the examination a number of other 
known methods, but probably unknown to our individual. It 
must not be forgotten here that it is generally easier to dis- 
cover faulte conunitted by others, than to avoid being guilty 
of them one's self; and one must be profoundly familiar 
with his borrowed part not to be guilty of inconsistencies. 
With regard to feigning a certain kind of color-blindness, 
WB know by our experience, with regard to this, that it is a 
very difficult thing, and scarcely ever sncceeds before an 
attentive and experienced examiner. All these circum- 
stances are advantageous for the examiner ; but his superi- 
orilj is not limited to this. For if it should happen — on 
extremely improbable thing — that a pretender were famil- 
iar with all the known tests and methods, and besides hod 
not less practice than talent in executing them as accurately 
as the color-blind, the examiner has, nevertheless, the power 
of inventing, owing to his special knowledge, new tests, and 
of varying those already known. 

"When speaking of the examination of those already in 
service, and the rules to govern us here, we called attention 
to the necessity of acting with great caution in doubtful 
eases. The test for color-blindness should then be carried 
out by a competent specialist ; but the details of the several 
methods he would use we purposely omitted. Still less do 
we think it well to give details in reference to the trial of 
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those Bimulating color-blmdneBB. It rarely happens that ft 
writer or profesaor has caose to withhold the very fullest 
knowledge o£ any Bpecial department o£ knowledge, Oor 
case is, however, an exception ; for every further detail is 
but putting another weapon in the hands of the maliDgerer, 
and thereby contributing to diminish the chances of success 
of the examining surgeon. In such case it is not only wisa 
but right to keep silence. It may even be doubted whether 
too much baa not already been said. We thought it, how- 
ever, proper to say what we have, in order to convince othera 
that it is very poasible to expose a malingerer pretending to 
be color-blind. It would be very unfortunate if the autiior 
itiea had the slightest doubt ou this point. It is not im- 
probaUe that the facts we have given have canaed one or 
another to give up the difficult rGle of a pseuifo-colar-blind. 

" Of course such examination requires the greatest care 
and foresight, and must he thoroughly aud perfectly carried 
out before a deciaion is given. This is justified by the inter- 
ests at stake. Although such a test should only be put in 
the hands of a thoroughly competent person, yet it is but 
right that a decision involving so much (fine or imprison- 
ment, perhaps) should not be left to a single individuaL 

"Besides the precaution, which must not be neglected, of 
conducting the examination in the presence of expert and 
COmpetont persons, there is an especial means, which, while 
being certain of preventing all fraudulent attempts, judges 
the accused in the usual manner; that is, by the testimony 
of two persona. These two witnesses should be two color- 
blind of the same kind aa that feigned by the examined. If 
these two individuals are first subjected separately and in- 
dependently of each other and the ^sfw/o-color-btind to the 
same trial as he, let the results be noted down corefaU j, and 
then the whole three together; and it will then soon be seen 
how the case stands with the suspected individual. The 
two color-blind will, in this manner, give the necessary tes- 
timony without resting upon the discretion of the examiner. 
This manner of proceeding muat, however, be employed with 
caution and discrimination, as the conformity between two 
color-blind of the same class is not absolutely perfect in 
every respect. The result must therefore always be mads 
to harmonize by the explanation of the examiner." 
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CHAPTER XXn. 

METHOD OF DECIDING THE PEECIBE AMOUNT OP 
COLOR-BLIMDNESS BY HOLMGBEN'S CHEOMA- 
TOSKIAMETEE, OE COLOE-SENSE TESTEE. — PBO- 
FE3S0E DONDERS'S METHOD OP DETEEMQJIKa 
QUANTITATIVELY COLOR-PERCEPTION. 

One of the additional methods of detecting 
color-blindness is of value for examiners to be 
acquainted with. It is based on the true principle 
of comparison, no names of color being required 
of those examined. It also, like the method of 
Dondera, enables ns to express in figures the 
amount of the chromatic defect in each individual 
case. The apparatus is arranged to enable us to 
use colored shadows. It is not very expensive, 
and can be used by day or night. To further test 
railroad employes or others, after having decided 
on their color-bUndness by Holmgren's worsteds, it 
will be, as I said, of great value to examiners, 
and also serve the purpose of physiological experi- 
menters. It Las the advantage of giving constant 
results independent of the examiner. These 
results can be readily understood by the laity, 
and the test applied before them. As Professor 




242 COLOB-BLIKDNESS : 

Holmgren says, "the apparatus may also be used 
in (IcterminiQg the absorptive power of various 
colored glasses," &c. It must be understood that 
it ia a means or method for the esrpert alone 
to employ. I will here give the author's full de- 
scription of it. He has tested it thoroughly with 
the many color-blind found on the railroads and 
elsewhere in Sweden. It is not described in his 
book, and first appeared in a pamphlet in Swedish. 
The following is from a condensed description in 
German, given by Professor Holmgren himself: — 

" T would devote a special chapter to the discussion of tbe 
conditious of colored shadows, and the importance of the light 
by which they are produced. I have found it very difficult, 
if not impossible, to get a shadow which reflects no light. 
Without light the shadow in BtmulCaneous contrast has no 

"I hold here also, as always, that every method for the 
detection of color-hlindness muat depend on the principle of 
comparison of different colored lights or surfaces. In this 
sense the colored shadows can be used as any other colored 
surfaces if they are produced by two lights, or, what amoants 
to the same, by two from the same Bource. We may thus 
use the light of a stnglo lamp, by letting one portion pass 
through the colored glass to the object causing the shadow, 
and the screen on which the shadow is cast; whilst another 
portion of the light, by means of a mirror near the glass, is 
thrown upon the same object. We thus have two shadows 
on the screen of complementary color. One is itloinined 
alone by the light through the colored glass, the other whoUy 
by the light of the lamp rejected from the mirror; whilst the 
rest of the surface of the screen is illuminated by both. Now, 
as we move the mirror to or from the lamp, we can regulate 
the relative luminosity of the shadows. 1 have constructed 
such an apparatus, which I would call a chromatoatiamel^r. 
In the centre of the apparatus is a petroleum-lamp wiA a 
round wick. The lamp is on a stand, from which project two 
horizontal movable anas. On these arms are the rest of the 
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apparatus. The colored glass, thepencil to cast the shadow, 
and the screen of white porcelaine oa which the shadow ia 
cost are arranged oa one o£ these horizontal arms at a fised 
distance from the flame. On the other arm ia the mirror 
which can he moved to or from the lamp. The arms are 
marked od the sides with a millimetre scale, supposed to 
commence ia the ceotre of the flame. Thus the distance of 
the several parts from the lamp can be read off on the scale. 
" In employing the instrument, I have used a red glass, 
which allowed only spectral red to pass, and a green, which 
passed mostly the middle spectral green, but also some other 
light, — no red, however. In using the instrument to detect 
color-blindness, we must grade it by trial, and determine its 
constants for the glass used. We must, for this purpose, 
find for each glass the distance the mirror must be from the 
flame to cause the two shadows to appear alike to the nor- 
mal eye ; that is, of the same degree of brightness each of 
its own color. This distance of the mirror for my eye I 
fonnd, for the red glass, to be 40 centimeters; for the yrcen, 
35 centimetres, — a difCereftce of 5 centimetres. To find 
this position of the mirror is much easier with the color- 
blind than the normal-eyed, for the simple reason that 
for the former, when the shadows are of the same degree of 
brightness, they are generally of the same color. The dis- 
tance of the mirror for [lim ia quite difierent from that of 
the normal-eyed, and so characteristic as to detect him 
thereby. It is also very difierent in different cases. All 
the cases examined can be separated into two diatinot series, 
corresponding to the two forms of color-blindness I have 
described; namely, red-blindness and green-blindness. The 
distance of the mirror with red-blindness (the average of 
25 cases) was, — 

For the red glass ^ 73,2 centimetres 
For the green glass = 27.9 " 

Difierence (R. G.) = 45.6 centimetres 
With green blindness (from an average of 35 cases recorded) 
the distance of 

The green glass was :^ 48.5 centimetres 
The red glass was = 28.7 " 

Difference (Gr. R.) = 19.8 cectimetrea 
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" Incomplete color-blindness may also readily be detected 
by differencea of the mirror'a difltancea from that for the 
nonnal eye. For the very Blightest grades of chromatic 
defect this method is not so good to be used alone, since 
such forms of the trouble are apt to be confused nitb a lack 
of knowledge or undeTstanding in reference to appreciatixig 
the relative luminoaity of the shadows. 

" lu the original article the examination of 135 cases 
of varions grades of color-blinduesa was recorded. This 
method, as is aeen, is based wholly on the principle of com- 
parison. It b not, however, the comparisoa of two colors, 
bat that of the intensity of two lights of different kinds. It 
has this practical advantage, that the color-blind, who are 
very sensitive te diSerences of luminosity, can readily find 
the right position of the mirror. Theoretically there is also 
the advantage that it shows the chromatic defect to be a 
leiiscned sensitiveness for a special kind of light, — one of 
the primary colors. 

" In the respective diatances of the mirror from the flame, 
as read off from the scale, compared with the distance for the 
normal eye, we have in every case a relative measure of the 
reduced Bensitivenesa, Now, as the mirror is movable, and 
can be altered in position till the luminoiUij of the two 
shadows is alike to the eye of t)ie person examined, the 
intensity of the unaltered lamp-Ught on one shadow will 
serve to measure the intensity of the light on the other 
shadow, which has passed through the colored glasa, and 
become more or less homogeneous. As the zero-point of 
the scale is In the flame, greater numl>ers or distances of the 
mirror must correspond te lessened sensthility to light of 
the color of the glass. This quite agrees with the numbers 
above given for red and green blindness; tlie first showing 
abnormal want of sensitiveness for red, and the latter for 
green light. This agrees again with the Young-Uemholti 
theory, and also, as well, with the results of my tests with 
the worsteds. The cases referred to were first tested with 
the worsteds, and the diagnosis confirmed by esamination 
with the chromatoakiameter. 

" The characteristic confusion of colors of the color-blind 
does not necessarily imply a great reduction of perception 
for any one of the primary colors. They are explainable by 
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a disturbance of the color-seiiBe in the individual case, 
whereby the sensibility for one of the primary colors, inde- 
pendently of its real value, ia reduced in comparison with 
BeDsibility of the other two. This explaina a large number 
of the cases tested with this instrument. Hence it ia of 
value to test each case with two complementary colored 
glassea. The difference between the distances ot the mirror 
for each expresses the value of the defect to be ascertained. 

" The absolute distance of the mirror has of coutae only 
a relstire value, does not immediately represent the intensity 
of the illumination of the shadow ; Uiat is, the sensitiveness 
of the eye esanuued. This, however, we can deduce from 
ft formula I wiil here give. Takiog the above figures as 
representing the average distance of the mirror, the sensi- 
tiveness of the normal eye (the intensity of the lamp being 
nity) 

For the red light = 0.115. 
For the green light = 0.137. 
The average sensitiveness of the red-blind 
For red light = 0.048. 
' The average aensitivenesa of the green-blind 
For green light = 0.088. 
Or, if we regard the normal color-sense as a measure for 
the sensitiveness, 

Normal color-sense =l 1.00. 
Red-blindnesa — 0.42 (R.). 

Green-blindnesa = 0.64 (Gr.). 
By the value gained from the distance of the mirror, applied 
to normal color-sense, we may calculate the absorptive power 
of the gloss. The abaorptiou by the glaaa, expressed as loss 
of light, is thus : — 

For the red glass ^ 42.5 centimetres. 
For tlie green glass ^ 43.1 centimetres. 

"Thus, by using a larger number of suitable colored 

glaasea, we can study not only the normal chromatic sense, 

but also the various torms of color-blindness. The princi- 

> pie of the method does not, however, reatrict us ia practiue 

' to colored shadows ; but it may be extended to any colored 
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lights or BuTfaces. Therefore it would be v 
same principlif, to employ the apectrnl light ii 
the color-Bense and its defects. 

" 1 have here confined myself to the use of two glaasea, 
principally because these experiments were directed to the 
detectiou of coloi^blindneaa among the personnel of the 
Swedish railroads, where, of courae, we were oonoeroed 
with the red and green only. These esaminatiouB have sA 
least proved the existence of green-bliudneBS as on inde- 
pendent typical species, in aaoordaoce with the Young- 
Helmholtz theory, hitherto but little regarded, or ignored. 
This is directly opposed t« the idea that red and green 
blindness are but one aud the same thing, called red-green- 
blindness. 

" As to the practical use of this metJiod, I regard it only 
as one of the category I have called meikods of control, and 
ii) my original article have given the reasons why it is not 
comparable with my worsted meOiod as a preliminary test, 
■which I still regard as the beat of any at present proposed." 

Another method of quantitative determination 
of color-hliiidnesa was carried out by Professor 
Bonders on the Holland railroads. It has not 
been given in English, and I present it for the 
benefit of our examiners in this country. Like 
this one of Holmgren's, it is an additional method. 



PROFESSOR DONDEBS'S METHOD OF qDANTlTATrVBLY 

DETRRMININQ COLOR-PEUCEPTIOS. 

" Approaching slowly a small colored object, the normal 
eye detects the color but little later than the light. We 
shall not, however, seek long before finding a person who 
sees the color much later tlian he sees the light. On this 
is based my mettiod of examination. 

" For testing with reflected light, disks of colored paper 
are used, 1, 3, 6, or more millimetres in diameter. Each 
one is separately glued to a little piece of black velvet ; 
and, iu like manner, pieces from the white, red. and green 
signal-flags. These little pieces of velvet, with the colored 
disks on tJiem, can with slight pressure be made to adhere 
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lo a larger piece of velvet a metre square, fastened npoa the 
wall, and on which one or more can thus be exhibited as 
y/e desire. 

" Color-perception K ia in the inverse proportion to the 
ttmonnt of light; that ia, equal to the square of the distaoce 
d, at which the colors are recognized, aod inversely propot- 
tional to the square of the diameter m. Let D represent 
the distance at which the normal eye sees color, of m ^: 1 
(that is, disks of one millimetre dianjeter), and we have 



1, and for every 



This formula gives for the normal e 
other eye K < 1. 

" In the formula of visual acuteness V = =y the distances 
are simply d and D (not tP and D^), because the diatinguish- 
ing a printed letter is in proportion to tlie visual angle in 
all directions. Moreover, in this formula D is regarded as 
constant. This'ia because, in the varying light of an ordi- 
nary room, with fair light, the visual power is near its 
maximum. This does not hold in the same degree in refer- 
ence to diatinguiahing color. The lack of light is of courae 
partly compensated for by the greater sensibility of the 
retina and the wider pupil ; but, with increasing daylight, 
the perception of most colors also increases very consider- 
ably. Therefore it is important for the examiner to deter- 
mine each time his own B, and take this into consideratiou. 
In deciding the visual acutenesa (form-perception), we take 
into account diminished illumination when it materially 
reduces our own visual power. This is all the more necea- 
sary with color-perception, since the same colors are not to 
be obtained exactly alike everywhere ; and those obtainable 
are not always recognized at the same distance. Moreover, 
from use they lose their brightness. We may, however, 
accept as a general law, that bright, saturated colors, one 
millimetre in diameter, when placed on black velvet in a 
good light, will be seen by an eyo with normal visual acute- 
nesa (ametropia being corrected) at a distance of Jloe 
metres. 

"This method supposes that the examiner has normal 
color-sense, which is readily determined by comparison with 
Others, It is also necessary that, before testing, both the 
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examiaed aod esaminer should have beeu in the room for 

a time with equal illuiniiintion. Decreasing daylight re- 
duces all colors, but not all equally. Blue, for instance, 
requires of all tho colors the least light to be recognized 
when we pasa from a darker to a lighter locality ; the moat 
light, ou the other hand, whea we go from a lighter to a 
darker locality. 

" For transmitted light, the flame of a candlo may be 
used, such aa is employed in England to determine the 
candle power of gaslight. This is placed behind a black- 
ened wooden screen, in whiuh is an opening, 25 mm. in 
diameter, covered with ground glass. In front of this bole 
a Tobiting metal disk is arranged, pierced with holes, 1, 2, 
6, 10, and 20 mm. Just behind the opening in the screen 
is a rotating disk with boles, — one clear, the others contain- 
ing red and green signal-lantern glass, as also other colors, 
which we can, by turning, bring in front of the hole iu the 
screen. The candle is arranged to slide along a scale, 
thereby giving us its distance from the screen. The red 
glass is one that passes mostly rod rays, up to orange, hut 
no others. The green is one which passes a part of the 
rays from yellow to bluish green, and a little of the red. 

" During the examinatioa, daylight ia to be so far ex- 
cluded from the room as to only render recognition possible 
close to. We cau then determine the distance A, at which, 
for the normal eye for white and colored light, with m = 1, 
D ^ 6 metres. At thb distance D in the formula will keep 
the nearly constant value of 5 metres. 

" With the candle and the finely ground glass employed, 
the white candle-light will give us A =^ 1.75 metres, the 
red glass will give us A := 0.65 metres, the green A ^ 0.35 
metres. In this test with transmitted light, care must be 
taken to keep the opening in tbe direction of the candle. 
The examination is otherwise conducted in the same way 
as with reflected light. If the examined is color-blind, 
then the degree of brightness for the several colors ia not 
the same in respect to A, and they decide the color from 
this difference in the brightness. This is shown "if we vary 
the value of o, when those who are uncertain call the color 
alternately red or green. When using the lai^est opening, 
and bringing the flame close to the glass, there are but few 
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persons who fail in recognizing the color if close to. In 
this numerical determination to also decide the recognition 
with stronger illumination, we need only moke our formula 

-Xti where a ia the distance of the flame from the gloaa 
foimd necessary, and A ita normal distanea. The power of 
color-perception will then be 

**■ — m^ ■ D* ■ A» — V™ ■ D • A/ 
Taking v'Tt=^-- jj* "^^^i i* follows, aa L is found by 
observation, that the power of color-sense K =; L". It is 
more practical to hold to L, and, in general, to remember 

L^>'K. With reflected light -r ia eliminated, and, with 
transmitted light generally, a =; A ; so that, as a rule, we 

1 d 
may confine ourselves to the formula I- ^= ™ ' lii ^'"l ^ we 

DM the one millimetre opening, to the formula L = y;. 

" It is interesting to observe how the examined gradually 
passes from doubt to certainty. We show him a single test 
at five metres' distance. He sees the little disk, but not its 
color. A step nearer, and ho ventures to call it "red." 
Another step, and he doubtfully says, "No, green." Finally, 
he sajH " red " again, and at last decides more positively for 
this color. Just where he became certain is readily deter- 
mined. Or we put a number of the disks of varying diame- 
ters together on the large pieco o£ velvet, and, pointing to 
each with a stick, ask its color quickly. With partial color- 
sense it readily appears how, in approaching, first the laiger 
disks, and then the smaller, are rightly named ; whilst with 
less color-perception only the larger are told close to, and 
where there is complete absence the color of even these is 
not recognised. Wo may thus determine the numerical 
degree of color-blindness with sufficient accuracy. 

"The disk must not be steadily gazed at. The examined 
must turn his eyes aside, and step nearer, at once giving the 
name of the color pointed out. If the answer is not imme- 
diate, then again a step, with the eye removed from the 
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object, and the question repeated. By ateady gaziag, the 
complementary color may be called ap in the eye, and the de- 
oiaion rendered difBcult." 

In a letter to me of Feb. 23, 1879, Professor 
Donders says, -~- 

" I think I may have given too brief a description of my 
method. Dr. Daae did not underatand that it was not the 
preliminary, but only the secondary, examination in which 
transmitted light vtas used, and where the distinction of 
Eolora had ftlreody been proved imperfect. Dr. Stilling 
says, that, continuing to fis the eye on the disk, the second- 
ary image of complementary color is developed, not aware 
that I expressly said that I allow only one or two seconds 
for giving the name of the color. Others apeat o£ the great 
difference of the daylight, and forget that X prescribe that 
every observation is to be made at the same time by the 
examined and the examiner, the latter noticing at what 
distance (indicated at the point where the examined seU his 
foot) he distinguishes the color; and, if this is not five metres, 
then it is to be put in the formula aa four or three, or what- 
ever distance it ia found. The determination or calculation 
is uot thereby rendered longer or more difficult." 

I considered it proper to introduce here Professor 
Dondera's replies to the criticisms made on hia 
method, since, as we see, they arose from a misun- 
derstanding, or neglect of his •lirections for con- 
ducting this quite practical test, and which was 
carried out on the Holland ro.ida, as I have for^ 
merly described. J also give the whole explana- 
tion of the test, as it is the one required to be used 
at present by the five ophthElmic surgeons now 
authorized to examine candidiites for railroad ser- 
vice in Holland. 
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CHAPTER XXIII. 

LAWS OF CONTEOL OP COLOR-BLINDNESS NOW 

IN FORCE IS EUROPE. LEGISLATIVE ACTION 

OP THE. STATE Olf MASSACHUSETTS. 

Hebe in the United States, either the several 
State legislatures, the State raili^oad commission- 
ers, or the individual railroad corporations, will be 
sooner or later called upon by the community to 
establish and carry out some regulations control- 
ling color-blindness among the employes: there- 
fore it becomes of considerable importance for all 
parties interested to know how this control has 
been effected in Europe, and the precise manner of 
conducting the test. In order to answer this, I 
have corresponded with many surgeons in Europe, 
and, through their instrumentality, am able to here 
give the at present provisional laws in reference 
to moat of the European states. 

The European governments have not stopped to 
frame laws, but immediately carried out the exam- 
inations, and are subsequently considering the pre- 
cise regulations for the future, &c. It will be also 
seen that the governments have provided for the 
elimination of all color-blind from their own rail- 
roads and navies. The private companies, where 
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independent of their government, have followed 
its action. In what I have to say as to these laws, 
&c., there is much of vital importance for us in 
the United States about to commence this control. 
I would call the especial attention of my readers 
to the prudent and practical action of the Swedish 
Government, in comparison with that of the Ger- 
man states, in putting at the head of the control 
one who was as competent to conduct it as he was 
to originate the method of testing. 

Professor Holmgren kindly furnishes me the 
following in reference to Sweden : — 



To the SuperinlendenU, 

The tajal directory would hereby call the atteDtion of 
the respective diatrict-surg-eons to the fact that the lack of 
power to diatinguisb the several primary colors excludes 
entrance to railroad service : therefore persoRS seebjng 
service inuat be tested for any such lack of visual power. 

As it is of importance to be assured that the officials now 
ID service can distinguish correctly the colors used in sig- 
nals, the chiefs of sections, by means of the uaual flags and 
lanterns, or other means they may find best adapted, are to 
ascertain if those under them are incapable of recognizing 
these colors. The results of such examinations are to be 
reported to the directory, and any suggestions in reference 
to dismissals which may seem necessary. 

Surgical assistance will not be necessary with this last- 
named trial. 

C. O. TBOiLioa. 

C. LiMNKLL. 

it. IS, ISTO. 



Professor Holmgren writes me, — 
" Having callwl the directory's attention to the tact that 
these rules in reference to those already in service were nut 
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sufficient, but that a thorough esamination by the raiboad- 
surgeons should be made, for which the surgeons must learn 
my method, the following circular waa issued ; — 

CIBCUIAR. 

To lie Superinlendenis of all the J}iilricls. 

The directory hereby orders a surgeon from each district, 
next Tuesday the 24th at 12 m., to meet Professor Holmgren 
in Upsala, to there learn from him his method of testing for 
color-blindness among the employ^. Any other of the sor- 
geons of the district may also attend the professor at this 
time for the same purpose. 

A pass is to be iiuued both to those surgeons who are 
sent to this meeting, and to those who desire to attend, in 
accordance with the seventh clause of the travelling regola- 

C. 0. TRoiLira. 

C. LlHNELL. 

Stookboui, Ocl. 1% 1S76. 

To the Superinlendents. 

Since, in accordance with the directions of Sept. 16, 1876, 
a number of the railroad-surgeons have learned from Pro- 
fessor Holmgren his method of examination for color-blind- 
ness, the directory hereby prescribes. 

That this examination shall be gradually carried out 
among the railroad ^jersonne/ by the surgeons, in accordance 
with Professor Holmgren's method. 

That the surgeons who may not have already learned 
this mefltod shall instruct themselves, either directly from 
Professor Holmgren himself in Upsala, or through those 
who attended his lecture on this subject. 

That they report to tie directory the result of their ex- 
aminations, together with such suggestions as were required 
by the circular of Sept. 16 ; and, when color-blind aro found 
in positions where the distinguiehing the colors is important, 
they are to immediately make the necessary reports and re- 
marks which the circumstances require, without waiting the 
termiuatioQ of the testa. 

C. O. Troilips. 

C. LiHNEUrf 
Stocsuolk, Not. 9, ISTB." 
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The directions of the superinteudents to the 
surgcoua were as follows, for an example : — 

To EaUroad-Sartieon Pro/eMor C B. Mbbtebtos, Upsala. 

The following from tlie di "ectioaa of the royal railroad 
director; is communioated foi your informatioa and govern- 
That the railrond-surgeots are to teat all employes for 
OOlor-blindueBs by Professor flolmgren's method. 

That those aurgeona wh(< may not be acquainted with 
this method ore to at once inform tliemaelres, either from 
Profeasor Holmgreu in Up sJa, or from some of the aor- 
geoos who have heard hia eiplanations and lecture on the 
aubject. 

That a report of theae examiaationa is to be made at 
soon aa poaaible. 

Id reference to the personnel of the traffic-department 
now employed, all atation-mastera have orders to transmit 
you lists of the whole personnel under them ; aiid you are fa 
record in the proper columns such remarks as the examinar 
tian calls for. 

C. J. Heumarssosd. 

SjoacaoiM, BnperlnUndonl'a Offlco 

of UiD itfth Traffic Dlitriel, Nov. IS, 187B. 

"Thb ia all official which relates to the railroads. It is, 
however, seen that all neceaaary b practically accomplished. 
Ist, Those entering tlie service must be tested for color- 
blindneaa, and all showing the slightest lack of color-per- 
oeption refused. 2d, All tliose now employed are to be 
tried, and the color-blind either dismissed, pensioned, or 
given employment where the recognition of the colored 
Bignala b uot necessary. I have acted as chief of control, 
and tested over again all those who were found defective by 
the railroad-surgeons. 

" You will thus see we have been very practical. With- 
out first making any laws, we carried out the reform quite 
simply under my personal supervisioD. I slill act as the 
head of the control of color-blindness ; and, now that we 
have gained a thoi'ough practical esperience, we shall tbia 
year establish laws to govern the railroads and the marine." 
(In letter of January, 1879, of Professor Holmgren to me.) 



ITS DANGERS AND ITS DETECTION. 



255 



I 



The Swedish navy and mercantile marine have 
not been neglected ; and I will here give a tran- 
script from the laws in reference to the former, aa 
prepared by Professor Holmgren, In reference to 
the mercantile marine, Professor Holmgren writes 
me of date March 5, 1879: "I have been unable 
as yet to forward you the laws concerning the con 
trol of color-blindness in the merchant marine. 
The government has not yet given its sanction. 
They are thorough, definite, and strict." It must 
be remembered that all these laws of Sweden and 
the other European countries, as here given, must 
be considered as only provisional, and to simply 
serve the present purpose of immediately/ carrying 
out the test and the control of color-ilindness. 



REFERENCE TO NOBMAL COLOB-PEltCEPTION 
AMONG THE PBnSOXNEL OF THE lUPESIAL SWEDISH 

lat, Upon his majeBty's recommendation, the sect. 54 of 
the laws of the Naval School require that every cadet muBt, 
besides other qualifications, possess normal power of vision, 
together with normal color-seuaation. 

IRemaTh. — This is already ho far carried out, tliat every 
cadet, on entering, is tested aa to his color-perception. — F. 
Holmgren, January, 1879.] 

2d, In the general orders to the pilot directory it is re- 
quired, " That all in the pilot-service, ordinary and extra 
officials, shall, as soon aa may be del«rmined by the pilot 
directory, be eiamined, to find if they have normal coior- 
perception. Those who do not have the power of distin- 
guishing the colors are to be noted in the list by the pilot 
directory. After the examination tlie number of color-blind 
in each district is to he recorded, and sent in to the chief of 
the marine department, accompanied by such suggestions 
for action as may be considered necessary." 

Given at the Palace, Stockholm, Nov. 18, 1876, by im- 
perial order. Freiher F. W. von Otter, 

Marine Minister, 
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{Remark, — These examinationa have been already car- 
ried out, and the resulta Bent in to me. — F. Holmgren, 

January, 1879.] 

3d, The Regulations of Ike Imperial School of Nastgation of 
June 1, 1877, Sect 16, 2. 
Every applicant to enter the navigation department of the 
school must bring a physician's certificate as to the condition 
of his oolor-perceptdon. A fault in color-perception will not 
prevent the reception of the candidate. 

IReinark. — This last must be soon stricken out, or al- 
tered. — F. Holmgren.] 

4th, Royal Orders to the Chief of the Military Personnel of 
the Imperial Marine, 
1st, That all the penonnel of the seamen's and boys' 
training-ship shall, at the nest general review, pass the aur 
geon's esaminatiou as to their power of color-perception. 
Those who fail shall be duly recorded on the crew's manifcBt, 
and a notice of the number of color-blind in each company 
be reported by tho mustering-officer to the chief of the ma- 
rine department. 

2d, That all the men of the Imperial Marine Corps, and 
boys of the navy, who have not been eKsmined in accordance 
with the 1st regulation, shall be tested under sect. 284 of 
the Regulations of the Marine, 3d part, of the required medi- 
cal supervision. The company report, when the examina- 
tion was before the man went on board, and the commander, 
when this test was after he was on board, shall take note of 
the same, to be reported in the former case to the proper mili- 
tary head, who will report to the chief of the marine depart- 
ment; in the latter case, the commander, who will follow the 
rules under Rule I., here given. 

3d, The special directions in reference to the medical ex- 
amination, in accepting the recroit, will be given hereafter. 
Given at the Palace at Stockholm, Nov. 18, 1876. 

Fbeiuer F, W. vok Ottbk. 

U. P. LllXIEHOEK. 

{Remark, — The examinations ordered in 1 and 2 are long 
ago carried ont, and the results handed in to me. In refer- 
ence to No. 3, a committee of military surgeons has, in 
connection with the other regulations of acceptance and con- 
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tJnuanoe, for both the anny and navy, formnlat«d the rules 
to be followed under No. 3. Thia has been since published, 
and ia now only awaiting royal sanction. It is as follows. — 
F, HoLMGHEN, January, 1B79.] 



5th. 



1st Pari, Sect. 7. 
calls for no especial bodily condition 



The naval 
other than the physical condition required in the lice, 
cept tha addition of assured normal color-perception. ( Vide 
the Addeadum.) 

Addendum. — Special Examination, Seel. 19. 

In reference to normal color-sense, care is to be taken 
that no one is admitted into the naval service whom the 
eiamination proves to be in any degree red-blind, green- 
blind, or partially color-blind. 

The teat for color-perception is to be carried out by Pro- 
fessor Hohngren'a method, by which partial color-blind neas 
is determined from the confusion of the light green, or first 
sample, with gray, brownish gray, yellowish green, pale red, 
or pale grayish purple (1, 2, 3, 4, or 5). 

Red-blindnesa ia determined by confusing, with the pur- 
ple (n.), blue and violet (8 and 7) ; green-blindness, by 
confusing, with the purple, green and gray (8 and 0). Com- 
pare " Color-Blindneaa in its Relations to Railroads and the 
Marine," by Frithiof Holmgren. 

Sect. 21. For these examinationa, the following appa- 
ratus, &c., is necessary, enclosed in a boK; viz., a copy of 
the above-mentioned book, and a collection of the worsteds. 

The following are in general the regulations of 
the Norwegian Government of date May 7, 1877: — 

lat, By order of the civil department, all rail- 
road eniployi5a are examined by Professor Holm- 
gren's method. 

2d, By order of the navy department, the pupils 
in the navy-officers' school are to be tested for color- 
blindness, as also all enrolled in permanent, service. 

8d, It is now under advisement to require pilots 
to be tested for color-blindness ; but regulations 
are not yet arranged and carried out. 
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Several private Swedish steamship companies 
have ordered examinations of their crewa. 

Through the efforts of Dr. Favre, the peraonnel 
of the French Transatlantic Steamship Company 
are subjected to a test for color-bhndness. The 
British Cunard Steamship Company requires the 
surgeons of the ships to test the men for color- 
hlindness. Colored glass is provided ; but the 
special method is left to the individual medical 
officer. If, as has been lately stated in print, the 
men are subjected only to this test with colored 
glass or colored lanterns, we must, from all that 
has been shown and proved, consider that there 
has been no test as to the true color-sense of the 
personnel. Asking the names of colors or of col- 
ored lights, &a., win not tell us just how the per- 
son examined sees these lights, &c. Steamship 
companies, therefore, when they think they have 
done all necessary to protect the lives and prop- 
erty intrusted to them, may thus, from want of a 
perfect method of testing, be simply gathering into 
their crews men whose chromatic defect is most 
dangerous, and who could not obtain employment 
when a perfect test was applied. 

The instructions as to the examination of per- 
sons seeking employment in the Bavarian railroad 
service are, — 

I. As to the physical capacity of each individual, 
their visual power is to be tested, and also theti' 
color-perception ; the result to be recorded in the 
report, 

II. The test for color-blindness is to be con- 
ducted with the accompanying worsteds, which 
the applicant is to sort by colors, and designate. 
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Only those who can distinguish the differences of 
color are to be recorded as free from color-hlind- 
nesB. All other cases are to be noted with the 
remark, for example, — "Distinguishes red (or 
green) with difficulty." 

The sanitary inspector-general of the railways 
of Northern Italy replies, — 

" In answer to your question on color-blindnesB, ray reply 
ia, that although no printed regulation formed by the 
administration for our railways exista, which excludes color- 
blind men from being taken into the service, that contin- 
gency ia guarded against by inatructionB given to the sani- 
tary inspectors of the company, commissioned to esaraino 
the candidates for employment on the railways, which are 
to this effect : that, as to the visual faculty, they be able 
clearly to distingnish the diJTerent colors, both by natural 
and the artificial light of the lamp used on the trains and in 
signal-boxes, at the maximum distance of normal eyesight. 
These instniotions haye been, since the last few years, very 
strictly adhered to in the employment of new ecgine-driyera, 
stokers, and signal-men, — in fact, of all who have part of the 
great responsibility of the safety of the trains. Owing to 
this, and to the fact, that, when the least doubt arises as 
to the perfect state of the eyesight of one of our employes 
(due to age or sickness), he is at once subjected to a medi- 
cal examination, we have as yet had to lament no accident 
on any of the lines under our direction which could ia any 
way be attributed to color-blindness." 

The minister of public works of Belgium pro- 
posed the following questions to the Royal Acad- 
emy: — 

Ist, Is color-blindness a congenital defect ? and 
" can it be acquired ? In the latter case the admin- 
istration would periodically test its agents. 

2d, "What ia a practical and efBeient method of 
determining whether an employiJ fails in chromatic 
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oiittee of the academy replies, — 



" They ore convinced tliat color-blindness may ariae from 
a severe disease, cantuBioiis or wounds of the head, the abuse 
at tobacco and ot alcohol. A periodic examination of the 
active personnel is therefore advised. . . . The examina- 
tion of those sDspected of color-blindness should consist in 
making them sort, according to their colors, worsteds or silks, 
chosen especially for this purpose. The color-blind hesitat« 
in such a choice as this, and arrange most unexpected 
matches. It is the method carried out by Profesaor Holm- 
gren. ... A change or modification of the signal-colors 
used has been proposed; but Professor Holmgren has well 
answered how impracticable this would be." 

I have noticed elsewhere (p. 134) the suggestioDS 
of this committee aa to attaching colored glasses, 
&c., to the engines, to assist color-blind engineers 
or stokers. 

Dr. Favre states that the examination for color- 
perception has been in force on the Lyons railroad 
since 1858. In March, 1870, the following special 
questions were put to the surgeons of tbia road : — 

let, How many candidates havo you esamined ? 
and in Low many years ? 

2d, Since when have you tested in reference to 
colors ? 

3d, How many color-blind have you found ? 

4th, What form of color-blindness have you 
found most frequent? 

5th, Have you observed color-blindness from ac- 
cident or injury ? How often ? How long did it 
last ? What were the circumstances of the case ? 

6th, Have you written on the subject of color- 
blindness, congenital or traumatic ? 

The reports and statistics thus gathered I have 
elsewhere included. In 1876 Dr. Favre reporta 
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the Dombes et Sud-Est and the Midi roads as car- 
rying out this test. 

In 1877 the director-general of the Holland rail- 
roads called upon Professor Donders of Utrecht 
to carry out the examination of the employes for 
color-blindness. This was done, and the results 
I have already given. Professor Donders di-ew 
up the instructions for the guidance of the twelve 
surgeons deputed to carry out the details of the 
first examination, and a final official report was 
sent in to the director-general. 

I have received from Professor Donders the 
printed blank required hereafter to be filled out 
in the case of every railroad employ^. Every 
candidate for service must pass an examination 
by one of five ophthalmic surgeons in Amsterdam, 
Rotterdam, Anheim, Utrecht, and Leyden. These 
surgeons' names and hours for examinations are 
printed on the back of the blank, the face of 
which reads as follows : — 

Netheklakds Railroad Compant. — The undersigned 
states that the sight of is sufficient (q) for the employ- 
ment of engineer or fireman ; (t) for the emplojment of 
station-master or those who m.a7 fill hia place, aHsiatants, 
haltmaster, director, first conductor, conductor, porter, brake- 
man, switchman, ranker, bridgekeeper, linekeeper, or line- 
keeperess. 

The Ophthalmic Sueoeon. 

The 187 . 

(Signature of the examined to be given in the presence 
of the surgeon.) 

N.B. — In case the candidate desires employment under 
a, 6 is to bo stricken out, and the reverse. 

There is required, for a, eyes and eyelicis healthy exter- 
nally, without habitual congeation or inflammatiou ; field of 
vision, not limited in either eye; acuteness of vision, nor- 



262 COLOK-BUNDNESS ; 

mal; refrcictioD, normal; color-perception,at least four-fifths 
accoriling to Dondera'a method. For 6, eyea aud eyelids ei- 
ternally healthy, without habitual congestion or inflamma- 
tion; field of vision, not limited in either eye; normal 
acuteneaa of vision in one eye; normal refraction; color- 
perception, at least three-fif tha ; with the other eye, acute- 
nesa of riaion at least one-haK ; color-perception, one-half. 

These examinations are required by the royal 
official regulations of Jan. 31, 1879, published in 
the " Nederlandische Staats-Courant " of March 
3, 1879, chap. v. art. 85 : — 

" All employea must be able to read and writ« and pos- 
sess Dormai power of vision, so far as this is required for 
the proper performance of their duty. 

" EmpIoygB who, by the decision of the miaister of ihe 
department of industry, commerce, and the navy, are con- 
sidered unfit to perform their duty, are, at the request ol 
the minister, to be discbai^ed by the managers of the roil- 

RegulatioDB were also proposed to the govem- 
ment by Professor Dondera in reference to the 
navy and merchant marine ; and they are now 
accepted and enforced, as seen from an order in 
the same official paper : — 

" The minister of the department of industry, commerce, 
and the navy, referring to art. 2 of the royal decree of Feb. 
17, 1S79 (Staatsblad, No. 37), in regard to the carrying 
out directions tor the examination for a warrant as mate in 
the merchant marine, as directed hy royal order of May 5, 
1877 (Staatsblad, No. 93), has decided to require, — 

"1st, In the test for visual acuteness and color.senaation 
ordered ia the article, the following; — 

"a — Normal vision without correcting glaaaes with one 
eye, and at least one-half of normal vision with the other 

"b — ^Both eyes must be without manifest hypermetiopia 
of a degree above D 1.00, and in one eye at least nominal 
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"e — Visual field not limited in eitliereye. 

"d — Eyes and eyelida externally healthy, witinnt habit- 
ual congestion or irritation. 

"e — Color-perception perfect for tranamitted light in one 
eye, and at least one-half in the other ; according to Don- 
dera's method. 

" 2d. The report and declaration of tlie expert, as re- 
quired in the above, shall be considered valid for one month 
only from the time the teat is made. 

"Tak van Pooktvliet. 



By the same order three ophthalmic surgeons 
are appointed as the experts for these examinar 
tions in Amsterdam, Rotterdam, and Leeuwarden. 

In England, Parliament has never enacted any 
laws in reference to the control of color-blindness 
among railway employes or the navy and mercan- 
tile marine, so far as I can at present ascertain. 
The individual railroad corporations have, how- 
ever, taken steps in this direction in regard to 
their men. Professor Wilson says, in 1856, " I am 
happy to say that the publication of my papers 
has induced the Great Northern Kailway Company 
to require that in future all their porters shall be 
tested as to their freedom from color-blindnesa 
before they are admitted." 

A terrible accident at Arlsey, Dec. 23, 1876, 
called out replies from railroad-sm^eona to news- 
paper articles in reference to this point of control. 
In " The London Times " of Jan. 1, 1877, Mr. S. L. 
Mason writes, — 

" The riska incident to the peculiar physical defect 
known as color-blindneas, railway mauagers have long been 
alive to. On our leading lines. wiUiout eioeption, precau- 
tious are taken against the employment of men subject to 
thut disqualification. In Mr. Seymour Clark's time, when 
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I was connected with the Great Northern Railway, Ihia 
matter was Bcrupulously ntteniied to, and, no doubt, is so still 
under the preBcnt able management. At the date I speak 
of — ten years ago — no porter, even though destined to 
work in a goods-shed, would be certified as eligible for ap- 
pointment by the board until his eyesight should have been 
subjected to certain prescribed tests, among which was the 
discrimination of colors, especially those used in railway- 
signals." 

Other testimony was given in "The Times," 
"The Lancet," &c., that railroad employes were 
tested on several different lines by Mr, Oliver 
Pemberton of Birmingham, Mr. C, Puzey of Liv- 
erpool, Mr. Page of Carlisle, and Dr. Jaspar Mo- 
Aldin. In tlie medical discussions, however, it 
was shown that the tests applied to detect color- 
blindness were very faulty and wholly inadequate. 
In consequence of the use of methods requiring 
only the color-name of objects or railroad-signals, 
the surgeons were deceived into the idea that color- 
blindness was not as frequent as Professor Wilson 
had shown it to be. The public fears excited at 
the time of the Arlsey accident were thereby un- 
fortunately quieted. No better proof is needed of 
the necessity of a uniform and certain test being 
applied to employes thaji the facts and discussions 
of the Arlsey accident, 

Dr. D. Ai^ll Robertson of Edinburgh kindly 
writes me of date March 9, 1879, — 

"Itmat that the following facts, which I have ascertained 
through the surgeoua to the North- British (Dr. Dunsmure) 
and the Caledonian (Dr. John Duncan) Railway Companies, 
may be of service to you. I may meution that these are the 
two chief railway companies in Scotland ; the North-British 
possessing 930 miles of railway, and the Caledoman 753 
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'* North-Bbitish Railway. — Since about 1865 or 1868, 
'when Dr. Diuismure directed the attention of the manager of 
the company to the subject, both engine-drivers and Btokers 
are invariably examined as to color-perception before being 
engaged. The men are tested by means of a board with 
ten different colors upon it. Three men have been rejected 
on account oi color-blindness since examinations were in- 
stituted. 

" Caledonian Railway Company. — Before any one 
is employed aa signal-man or guard, he is first examined by 
a doctor, and especially as to liia sight, and power of dia- 
tinguiahing colors. Only about one in a year is rejected on 
account of color-blindnesa. 

" All engine-drive rs are tested as regards perception of 
color when they are paaaed f rotn ' firing ' to ' driving,' and 
no case of color-blindness haa yet been met with. This, 
however, ia probably due to the circumstance that the men 
are aware that they are to be tested, and do not persevere 
as stokers if they considered they were not competent to 
pass as drivers. . . . There ia no legislation here enforcing 
Buch examinations. " 

Abundant proof haa been given in this volume 
of the inadequacy of such tests as are thus shown 
to be at present used on these Scotch roads, aa 
well as on the various English roads, from the 
evidence of the surgeons connected with them. 
No wonder so few color-blind are detected. A 
simple act of Parliament enforcing universally 
such a test as Holmgren's or Donders's would 
insure safety, as the medical officers of the roads 
are perfectly competent to properly carry out such 
examinations. 
" Order of the Ilandelministerium of Prussia, March, 1877, 

published in the Official Paper of the Government of the 

Inltrior, 1877- 

" In consequence of the frequent occurrence of cases of 
BOCalled color-blindness, and the great dangers which may 
ai'ise from the same on the railroads, it is recommended, — 
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" 1st, That persona in the ontaide milroad servioe, auch 
B8 station officials, pointsmen, eignal-meii, engineers, stokers, 
brakemen, and conductors, be first tested as to their color- 
perception before being employed. 

" 2d, That all those not engaged in the above-mentioned 
positions be tested for color-biindnesB, in order to eliminate 
the red or green blind from positions where the recognition 
of the colored signals is requisite. 

"3d, This examination is also to be made of convales- 
cents where it is requisite; namely, after typhua-feyer, in- 
juries of tlie head, sBTere contusions, and the like, as also 
in general to be repeated every five years. 

"If this examination is to be carried out over a large 
district by a recognized ophthalmic surgeon, it would neces- 
sitate numerona journeys of the officials and employes, and 
cost much time. It is suggested that it is within the pro- 
posal of the imperial direction to consider that any physi- 
cian, even if he has not mads a specialty of diseases of the 
eye, can carry out this test with sufficient exactness to insure 
safety: therefore the imperial railroad directory is advised 
to have the proposed examination conducted by the several 
district railroad-surgeons." 

In accordance with the order of the Ilande!- 
ministerium of Sept, 19, 1877, — 

" The examination is to decide whetiieF the person testi^d 
can correctly distinguish red, ffreen, and violet by daylight, 
and also by artificial light, or whether there is the slightMt 
suspicion of color-blindness : therefore the examination 
must be done by an ophlhalniie fmrgean." 

In reference to the regulations and instructions 
for these examinations, I will quote from Dr. 
Magnus of Breslau, aa what he states ia pertinent 
to all such tests, and therefore extremely important 
for us here in the United States, where the whole 
subject is new. He says, — 

" The very great necessity of good color-perception on the 
part of railroad employes, concerning as it does the safety 
of the public roods, has already excited general attention. 
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thanks to the untiring efforta of Frofesaor Holmgren. And 
it has led already to valuable practical measures ; but yet it 
haa seemed to us, that, precisely on this point, certain re- 
forms are very desirable. The regnlatioaa from the au- 
thorities for the purpose of aToiding the possible results of 
the action of color-blind officials are, and rightly so, first 
directed towards a most careful test of the color-sense of 
all the employes. All candidates are to be examined, and 
all those in service equally tJiorouglily tried for color- 
falindnesB. A similar examination of the whole permrtTiel 
is to be carried out every five years. A general examina- 
tion for color-blindness is directed by the regulations of the 
authorities. The method and the way and means of con- 
ducting this examination are, however, undetermined. The 
choice of methods is rather left to the fancy of the examin- 
ing surgeon ; or. If a method is advised him, this is not 
always the same, the several railroad managers varying 
greatly in this respect. But the result of every test for 
color-perception is very dependent upon the method em- 
ployed. Now, the various methods at present nsed are not 
of the same value. Some of them, on the contrary, give 
very nnreliable results ; whilst others leave but little to be 
desired in respect to precision. Hence the values of the 
reports of the several examinations on the various German 
roads are not the same, but exhibit great and doubtful 
Tariations, If we could compare the percentage from the 
statistics of all the German roads of the extent of color- 
blindness, we should see within what limits snch percentage 
varies, and how the results of the individual examiners 
differ. For example, " Tlie Breslau Journal " of Oct. 10, 
1878, reports the tost of 1,348 employes of one of the reads 
here, and the finding of but 10 color-blind (or 0,74 per 
cent) ; whilst one of my colleagnes, who test«d the employes 
of another road, told ma he found 4 per cent. 

" We see, therefore, that the test for color-blindness, as it 
is now carried out on our German roads, does not fulfil the 
object desired. Absolute safety of the traffic, with due regard 
to the interests of the personnel, cannot be gained by such 
differing and uncertain data. To obtain the great benefit of 
an obligatory examination of the color-sense of the railroail 
employes, the varying reports as to the extent of color-blind- 
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npHB must be corrected, and greater unity obtained* This 
can only be done hy one and the same metUcMi being required 
on all our roada. Hence it will be asked, which of the present 
methods is most practical, and haa bo stood tbc teat of em- 
ployment as to bo naturally called for in the intereat of 
the safety of the public communications? The answer to 
thia very important question will be governed by a critical 
analysis of the several methods of testing. In my examina- 
tion of 5,480 persons I have very particularly considered this 
Tery point, and, from my exjffirience, decided that the method 
of ProfesBor Holmgren of Upsala is the one giving ua the 
most exact results in testing large numbers. It is so su- 
pierior to the other present methods, in exactness of result 
and convenience of use, as to render it undoubtedly the 
best. In SQch an important question the opinion of a single 
observer ahould not, of course, be taken alone, but others' 
experience also heard and considered. In doiog this \ia 
shall find similar favorable opinions of Holmgren's method 
from those who have used it. Thus Ur. Cohn, in Breslan, 
in hia criticism of the several methods of testing, declares 
Holmgren's to be the best. We hear the same from Professor 
PflUger in Berne, and from Dr. Jeffries in Boston. The latter 
is so convinced of the superiority of Holmgren's method, 
that he writes me of date Sept. 19, 1878, from Boston, as 
follows : ' My own experience teochea me the great value of 
Holmgren's method over all others, and I wish it would be 
ordered by your Kaiser throughout Deutschland.' 

" In intereat, therefore, of the safety of railroad travel, we 
feel called upon to require the following : That the test for 
color-blindneas now obligatory on most of the German roads 
should be the same and identical throughout the empire, 
and carried out in the same way on every railroad ; and that 
Holmgren's method, being the most certain and most prefer- 
abl, should be alone employed for this purpose." 

The value and truth of this quite moderate 
criticism of Dr. Magnus can best be proved hy 
showing what has been done on a number of the 
German roads. This I am enabled to do from a 
lecture given by Dr. E. GintI, Central Inspector 
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of the Lemberg'Czernowitz-Jassy road at Vienna, 
April 2, 1878, before the society of Austrian rail- 
road officials. After an introductory sketch of 
color-perception, &c., and some of the methods 
of testing for color-blindness, he says, "It will 
thus be seen, that, for the. examination of the em- 
ployes in general, any of the methods may be used. 
Stirling's or Holmgren's tables, or the colored 
charts, or Waldstein's apparatus, are quite suffi- 
cient ; but, to decide the doubtful cases or the indi- 
vidual colors, only the spectroscopic apparatus of 
Schmidt and Hausch in Berlin can be employed 
with certainty, as I have personally proved in the 
testing of a very large number of persons." He 
gathered the reports from forty-six railroads, on 
which 41,444 employes were tested, and 319 color- 
blind found, — a percentage of 0.769. I here give 
these reports : — 
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Contraating these results with those where a 
a thorough test gave us as in France 5,77, in 
Switzerland 6.28, in Sweden 2.15, and in Fin- 
land 14.01, and we can readily appreciate the 
force of Dr. Magnus's criticism, and my remark 
above, that but here and there can the color-blind 
employes have been detected on the Gennan 
roads. 

I have also given this long list of railroad ex- 
aminations, collected by Dr. Gintl, as a warning 
to our railroad corporations in this country, and 
to the examiners they shall hereafter employ. 
The several German railroads' surgeons, not being 
officially directed to employ Holmgren's method, 
and unfortunately hearing it spoken and written 
about in a tone of doubt, naturally chose other 
methods they individually knew of. Moreover, 
some of the German physicians who had paid 
especial attention to this subject, and who had 
tested some thousands of persons for color-blind- 
ness by Holmgren's method, deliberately misap- 
plied it, in absolute contradiction to his express 
and very explicit directions. Thus, to detect 
whether a person is color-blind, wo have seen that 
a pecuUar shade of green worsted is used, and the 
examined directed to pick out what looks like it, 
lighter or darker. A purple (German, rosa') is 
used to decide whether a person is red or green 
blind. This latter is not to be used to detect 
color-blindness, but only which form of the defect 
we have. Nevertheless Dr. Cohn of Breslau, in 
reporting his results to the Heidelberg Ophthalmo- 
logical Society, 1878, says, " As the very best and 
the quickest method of first testing for colore 
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lilindneas, I must again and again recommend the 
purple worsted. It has served perfectly." He also 
speaks of tlie colored plate attached to Hnlm- 
gren's book, and copied in this Yoliime, as being 
as bad to detect color-blindness with as the pur- 
ple worsted is good. Now, this plate is only in- 
tended, and so most definitely described, to illus- 
trate the colors to be used, and the colors of 
confusion or mistakes of the defective. This 
ignoring Holmgren's explicit directions as to the 
carrying out of the test with the green worsted, 
and then speaking of the colored plate as if that 
had been proposed to be used by Holmgren, was 
most unfortunate and misleading. It has naturally 
led others to follow him without reading Professor 
Holmgren's book. Dr. Cohn tried StUling's, as 
also other methods, but found, as every examiner 
will, Holmgren'a the most convenient and prac- 
tical. 

Thus the reports I have quoted of the German 
roads show most conclusively that from a faulty 
method of testing only here and there, so to 
speak, have the color-blind employes been de- 
tected. This is very unfortunate, as it throws, for 
the time being, a certain doubt over the whole 
question of the frequency of color-blindness, its 
danger, the necessity for control, and the elimina- 
tion of the defective. Moreover, the entire work 
in Germany will have to be done over again. 
Probably, from what I lately learn, the correct 
tests are now being officially ordered, and carried 
out. Thanks to the energy of Professor Holm- 
gren in Sweden, the affair was there better con- 
ducted. The government first ordered the use 
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of the fl^s and lanterns by the railroad officials 

to test for color-blindness ; hut, when Holmgren 
showed thera the uselessness of this, they ordered 
his test, and also required all the railroad-sur- 
geons to leam it of him, and carry it out properly. 

From a lecture on color-blindness by Dr. A. TOn 
Reuss of Vienna, and a letter of date March 17, 
1879, I am able to still further substantiate the 
criticisms I have made or introduced in reference 
to the examinations of the German employes. 

The Austrian Handelministerium ordered Not. 
18, 1876, that " persons who could not distinguish 
the signals on account of near-sightedness or colore 
blindness were not to be admitted into the ser- 
vice." This led to the carrying-out of the exami- 
nations as above given with such unsatisfactory 
results. Dr. von Reuss says, — 

" Why these differ so greatly from the Dumbers reported 
by ophthalmic surgeons was readily seea from the original 
reports sent io to Dr. Gintl, and which he kindly allowed 
me to see, from which reports the data of the tables were 
collected. In these reports are mentioned bluc'red- blind, 
bloe-black-blind, green-blue-blind, violet-black-blind, yel- 
low-red-blind, &c., and this where Stilling's tables had not 
been used, which might have given rise to such confusion. 
This is a proof that the examiners did not know what they 
were about, The majority of the examinations ar« there- 
fore useless." 

In this lecture Dr. von Reuss reports testing 
693 employds, and finding 3.2 per cent color-blind. 
In his letter to me of March 17, 1879, he says, " I 
have tested 600 employds of the Elizabeth- West- 
bahn, and found 3.5 per cent color-blind." He 
employed Professor Donders's method with the 
■worsteds. 
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The unsatisfactory results of the examinations 
by the several railroad-surgeons, due to a want of 
knowledge and the lack of a uniform and certain 
test, led to the following order from the Handel- 
mimsterium : — 






f TESTdG COLOR-BIISD- 

My frequent Attention having been called to the work of 
Profoeaor Holmgren, " De la Cecity," &o., I have obtained 
professional opinions aa to the method of testing color-blind- 
ness proposed in it, showing it to be practical and very sim- 
ple, and perfectly answering the requirements. The method 
coDsista in causing the examined to select from a number of 
skeins of colored worsteds all those corresponding to a pat- 
tern sho^m him. The examiner decides from the manner in 
which this is done. A normal-eyed will select four or five 
skeins in a, minute, and the color-blind will as quickly moke 
such characteristic mistakes aa to render the immediate 
diagnosis possible. In doubtful cases, and where deception 
is supposed, a more thorough test must be applied, with, for 
instance, a spectrum apparatus. 

As experience has shown that color-blindness, besides 
being congenital, may be acquired, safety requires that not 
only should those entering service be tested aa to their per- 
ception of the three priniary colors, — red, green, and violet, 
— but that the test should be repeated periodically, and 
especially after diseases, and contusions of the head. 

I desire to call the attention of the corporations to the 
t>ook above mentioned, and would ask their consideration of 
the suggestions here briefly made, since, from the necessary 
apparatus, the esarainatjons of employe's has hitherto been 
expensive and inconvenient; and this metliod therein pro- 
posed greatly simplifies and facilitates the testing for color- 
blindness. 

K.-K. Handeiminister Chlumetzkt. 
VUBSi, Out M, 18TB. 

Jan, 8, 1879, in the House of Representatiyea 
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of tho legislature of Massachusetts, Mr. Hamilton 
A. Hill of Boston introduced, at my request, the 
following order : — 

" That tlie Committee on Kailroads inquire whether any 
and (if anj) what legialation ia necessary in reference to the 
employment by railraad companies, in certain responsible 
positions, of persona affected with color-blindness." 

This order was passed by the House, and a pub- 
lic heai'ing given as follows : — 

COMMONWEALTH OF MASSACHUSETTS. 
OoxiDiTBE OS TUn-noiDS. 

GTiTS HOCSE, BOBTON, JUL 13, IBIS. 

The Committee on Railroads will give a hearing to par- 
ties interested in an order relative to legislation in reference 
to the employment by railroad corporations, in certain re- 
sponsible positions, of persons afflicted with color-blindness, 
at room No. 10, State House, on Wedaesday, Jan. 22, at ten 

Edwin TV. Maeso, 
Clerk of the Commillee. 

By invitation of the Committee on Railroads I 
appeared at this hearing, and argued in support of 
the conclusions contained in thia volume. My 
statements were supported by European statistics, 
and my own collected in this community, by ex- 
periments in reference to color-perception, the 
exhibition of various tests, &c., and by the practical 
illustration of the value of Professor Holmgren's 
method in detecting the chromatic vision of sever- 
al color-blind who were present at the time. 
There was no opposition to my statements or con- 
elusions. 

As tlie result of this hearing, the Joint Commit- 
tee on Railroads reported, Feb. 28, 1879, in the 
Senate, the following resolve : — 
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" That the board of railroad commisaioners be instnioted 
to cooaider whether finy Ipgialation is expedient or needful 
with referecce to the employment by railroad corporations 
of persons afflicted with color-blindness." 

This was passed in the House of Repreeenta- 
tives March 21, 1879, and in the Senate March 24, 
1879 ; receiving the signature of the governor 
March 25, 1879. 

It is thus seen that Massachusetts has been the 
first State to take action in reference to the con- 
trol of color-blindness on the railroads. She pos- 
sesses, of course, no authority on the water. There 
the General Government mnst act in concert with 
other nations. It is now in the hands of the Mas- 
sachusetts railroad commissioners to carry for- 
ward the work of investigation, and report here- 
after to the legislature. If they can induce the 
several railroad corporations to meet the just 
demands of the community, and eliminate the 
color-hlind from their employ, then ar law, subse- 
quently enacted, can be based upon the result of 
the examinations, and made to meet all require- 
ments of the future. This law of control should 
also, as in Europe, require the proof by test, of 
normal visual power for form, as well as normal 
color-sense. 

It is to be hoped that the other States will 
quickly follow the action of "Massachusetts. The 
advantages of a uniform law throughout the 
country, and a uniform and absolutely certain 
Bystem of testing for color-blmdness, I need not 
dwell upon here, since it is self-evident from what 
I have brought forward in this volume. There 
will be no excuse for such blunders as were made 
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in Europe, now that we liave the benefit of them 
in this country. 

I have spoken of my action and its results, in 
order that my professional brethren in other States 
may see how my efforts were successfully carried 
out, and be able to refer to them when themselves 
undertaking similar work in their own communi- 
ties. 
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PEESONAL EXPERIENCE WITH HOLMQEEN 8 METH- 
OD. — BUBGESTIONS AS TO ITS USB. 



The experience which I "have gained in the use 
of Hohngren'a method of detecting color-bhodness 
by the worateda ia, I think, worth here recording 
for the benefit of my brother ophthabnic surgeons, 
whom the railroada may hereafter ask to teat the 
employes of their roads. First, as to the choice of 
the worsteds themselves, since a good deal depends 
on this: Proper colors can be obtained directly 
from Fraulein Letty Oldberg, in Upsala, Sweden, 
for about 5 crowns 63 pfennigs. Such a selection 
was aent me by Professor Holmgren ; and similar 
ones I have made here, and uaed in my testing. 
The colors of the green and purple test in the col- 
ored plate in the Swedish, French, and German 
editions of Professor Holmgren's book, are apt 
not to be correct, and may mislead any one. 
This arisea from the difficulty of reproducing in 
ehi'omo-lithography the precise tints, and render- 
ing these permanent. 

To learn the test, I would atrongly advise, not a 
simple perusal, but a careful and repeated study 
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of Holmgren's directions and explanations ^ven 

in tliis volume. They may at first seem rather pro- 
lix ; but experience will soon phow how valuahle 
his minute directions are, which, when properly 
studied, will relieve many a doubt, and clear up 
many a seeming discrepancy in our actual test of 
old or young. When thoroughly understood theo- 
retically, it will be found quite simple, and readily 
adapted to test even very young children with ; 
as, for instance, primary-school children. I would 
advise first commencing with educated adults, and 
afterwards testing in the schools, where material 
is more at hand and more manageable. We shall, 
moreover, meet in the schools of lower social grade 
just the sort of stupidity and lack of appreciation 
which we are likely to meet among uneducated 
railroad employes, sailors, and factory workmen. 
It is a curious fact, which, I think, all who test 
large numbers will sooner or later find out, that 
dulness of comprehension and dulnesa of percep- 
tion will almost invariably simulate color-blindness. 
Many a teacher in our schools has been greatly sui^ 
prised that I have not marked as coloi^blind a boy 
who seemed to them to do about the same as the 
color-blind, but who had thrown out with the pat- 
tern a single worsted, which quickly told me that 
I had to deal with stupidity, and not a chromatic 
defect. It has been often very hard to disprove 
the story the worsteds picked out told, when that 
story was dictated by mental dulness. The teach- 
ers generally found that I selected their brightest 
scholars as such. 

There is besides this a dulnesa of color-percep- 
tion, or rather a peculiar slowness in the colors 
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taking effect, so to speak, whicli is at first confus- 
ing to the examiner, unless he bears -it constantly 
in mind, and is familiar with it. It is difScult to 
describe, but is yet readily recognized. All thb 
adds to the danger of our considering that we have 
at least partial color-blindness before us, and hence 
increasing our ratio at the expense of truth. As 
inexperience and stupidity will most trouble us in 
the younger classes of lowest social grades, I 
would advise commencing with the oldest stu- 
dents one can avail themselves of, and then going 
to the high schools before the grammar-schools. 
At present I should be inclined to think, that, 
however seemingly curious and interesting it might 
prove, the testing for color-blindness, by even so 
simple a method as this of Holmgren's, in the pri- 
mary schools, would be time lost, as well as likely 
to mislead one as to the relative proportion, &.c. 
Moreover, there are students and grammar-schol- 
ars enough in all oiir cities of any size to furnish 
more than ample material, I ought to add here, 
however, that I found no difficulty with the sev- 
eral hundred in the gramraar-sehoola who had just 
come from the primary ; i.e., within a few days. 

All my examinations were made with Holm- 
gren's test. My purpose was to quickly obtain an 
approximate estimate of the proportion of color- 
blind in our community, and at the same time to 
disseminate a knowledge of the existence of such 
a chromatic defect and its nature, in order to pre- 
pare the way for some action in reference to con- 
trol on the railroads and in the marine. It has 
been, except in a few instances of educated adults, 
wholly impossible for me, at present, to test those 
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I found color-blind by other methods than Holm- 
gren's. My own experience, however, and the 
reports from Europe of the gentlemen there at 
work in this investigation, confirm me in the 
belief, that, whatever additional method I might 
employ, I should not probably change my opiuioo 
of the individual case of color-bUndness. For the 
purposes I have had in view, my time has been 
better spent in continued work in our schools, 
than in stopping to teat over again, by additional 
methods, persons so young as achool-ehildren from 
eight to seventeen years of age. I hope, hereafter, 
to accomplish more in testing the adult color-blind. 
For a time I worked under a disadvantage in 
reference to classifying the red and green blind, 
because my purple worsted was not dark enough, 
owing to the color having faded in the plate in 
Holmgren's book, and thereby deceiving me. But 
r supplemented this weak point in my decision by 
having a red and a green worsted of as nearly aa 
possible the same degree of luminosity, and asking 
the color-blind which was the darker. Their de- 
_ cision I generally found very quickly made, and 
adhered to. I also asked them to pick out the 
black worsteds, and found they would select the 
dark greens or dark reds, according as they were 
green or red blind. Since I have had the proper 
shade of purple, this lias not of course been neces- 
sary. I have, however, frequently carried it out 
after deciding by the purple, in order to see how 
accurate my previous division into red and green 
probably was. I have decided I cannot be very 
far from right, and therefore have given my 
records as I made them. I did not make up the 
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tables till I had finished, and consequently did not 
inow what the relative proportion of red and 
green blindness was during the time I was testing. 
I have followed Holmgren in making three di- 
visions, — complete red and green blindness, and 
partial coior-bhndnesa. My three eases of violet- 
blindness I have allowed to stand under partial 
color-blindness. These I have found the test 
readily showed. As color-blindness exists in all 
degrees, so to speak, it would of course be possi- 
ble, by careful special examination of each case, to 
express its particular degree ; as by Donders's meth- 
od or by Holmgren's color-sense tester. The per- 
centage of color-blindness, each examiner finds, will 
be modified by where he draws the line ; that is, 
how feeble must the chromatic sense be to come 
under the head of partial color-blindness, and also 
what shall be regarded as feeble chromatic sense, 
and what only dulness of perception. The greater 
our experience, however, the more carefully can 
we decide these points. Holmgren's method with 
a pretty large number of worsteds has seemed to 
me to be particularly well adapted for this pur- 
pose. I have kept to the original plan of having 
a large number of green worsteds, finding that for 
my purposes it worked best ; and I was willing to 
give the extra time, in consideration of the psy- 
chological study it afforded me. Professor Holm- 
gren has spoken of this. I am not certain that 
with young people it is not best, since as much 
time is wasted by their searching for the three or 
four greens in Holmgren's modified method, as in 
throwing out all or a decisive number of the 
greens when there are many of them. I think, 
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also, it gives the examiner a better chance to 
watch the play of the hands, from which so much 
can be deduced. 

It may not be amiss if I aay I use about a hun- 
dred and fifty Blceins of worsted, and carry them, 
wrapped in & piece of white cotton cloth, which can 
be spread over a table or other surface. On this the 
colors show well in contrast. When statistics are 
being gathered, or large numbers must be tested 
with the smallest loss of time, this plan will save 
trouble, and thereby add to the total number ex- 
amined. Even amongst the youngest scholars, — 
and several hundred were just from the primary 
schools, — I have not failed to convince myself, 
and show to the teachers, color-blindness where it 
existed. It is useless, I think, to argue with those 
of my European friends who still think they can 
always detect a lack of chromatic power by Stil- 
ling's tables or other method. Their number, I be- 
lieve, will become steadily less when they take hold 
of Holmgren's test in earnest, and carry it out as i 
directed by him ; as has, for instance, my friend, Dr. 
Magnus of Breslau, My experience teaches me to 
advise my ophthahnie brethren, or other physicians 
who will be called upon to carry out the work I 
have commenced in this country, to waste no time 
with other methods, but to fully and carefully 
famiharize themselves fijst theoretically With Holm- 
gren's test, and then practically commencing with j 
adults. 



ITfl DAJSQERS AHD ITS DETECTION. 



CHAPTER XXV. 



CONCLtrsiONS AHD EECAPrTULA-TION. 



One male in twenty-five is color-blind in a greater 
or less degree. 

Of this defect they may even themselTes be 
wholly unconscious. 

This blindness is red, green, or violet blindness. 
Total color-blindness also occurs. 

This defect is congenital. It exists in varying 
degrees. It is largely hereditary. It may also be 
temporarily or permanently caused by disease or 
injury. 

It is incurable when congenital. Exercising the 
eyes with colors, and tho ears with their names, 
helps the color-blind to supplement their eyes, but 
does not change or increase their color-perception. 

Experiment and experience show that we are 
forced to use red and ffreen marine signal-lights to 
designate a vessel's direction of motion and move- 
ments, and at least red lights on railways to desig- 
nate danger. 

Form, instead of color, cannot be used for these 
purposes. 

There are many peculiar conditions under which 
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railroad employes and mariners perform their duty, 
wbicli render colored signals, and especially colored 
lighta, difficult to be correctly seen. 

These signals can never be correctly seen by the 
color-blind. There are such among railroad em- 
ployes. 

There is, therefore, great danger firom color- 
blindnesa. 

Railway and marine accidents have occurred 
from it. 

There is no protection but the elimination, from 
the fcrxonnel of railways and yessels, of all per- 
sons whose position requires perfect color-percep- 
tion, and who fail to possesB this. This can now 
be readily and speedily done. 

Therefore, through a law of the legislature, 
orders from state railroad commissioners, or by the 
rules and regulations of the railroad corporations 
themselves, each and every employ^ should be 
carefully tested for color-blindness by an expert 
competent to detect it. The test and the method 
of application should be uniform. All deficient 
shoiild be removed from their posts of danger. 
Every person offering himself as an employ^ should 
be tested for color-bhndness, and refused if he has 
it. Every employ^ who has had any severe illness, 
or who has been injured, should be tested again 
for color-blindness before he is allowed to resume 
his duties. Periodic examinations of the whole 
personnel should also be required. 

Such regulations are generally in force on the 
European railroads. 

An international commission should be called to 
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estabUsh rules for the control of color-blindness 
on the sea, and the carrying out the same exami- 
nations amongst pilots, masters, and crews of 
steamers and sailing-vessels, in the navies and the 
merchant marine. 
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